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SENATE JOINT RESOLUTION 24
(March 3, 1973)

A JOINT RESOLUTION OF THE SENATE AND THE HOUSE OF REPRESENTATIVES OF THE STATE
OF MONTANA DIRECTING THE ENVIRONMENTAL QUALITY COUNCIL TO UNDERTAKE A STUDY,
MAKE RECOMMENDATIONS AND PROPOSE LEGISLATION CONCERNING THE DEVELOPMENT AND
IMPLEMENTATION OF A STATE ENERGY POLICY AS IT RELATES TO A DEVELOPING NATIONAL
ENERGY POLICY AND REQUESTING THE GOVERNOR TO DIRECT THE COAL TASK FORCE TO WORK
WITH AND ADVISE THE ENVIRONMENTAL QUALITY COUNCIL.

WHEREAS, the Tegislative assembly recognizes a need for a state energy
policy to contribute and respond to a federal energy policy, and

WHEREAS, a study of this need should carefully separate nationwide problems
from those that are matters for action at the state level, and

WHEREAS, there is a need to consider the full range of possible energy
sources, optimal efficiency, conservation of use, and administration and
regulation of the energy industry, and

WHEREAS, the environmental quality council has received a private grant
to make such a study as is described above, which is to relate to an ongoing
national energy policy study financed and conducted by the source of the private
grant, and

WHEREAS, section €9-6514 (f), R.C.M. 1947, makes it the duty of the executive
director and staff of the envirommental quality council to make and furnish such
studies, reports thereon and recommendations with respect to matters of policy
and legislation as the legislative assembly requests, and

WHEREAS, the governor, acting on the recommendation of the environmental
quality council, created on August 2, 1972, an interagency task force on coal
development to coordinate comprehensive planning incorporating consideration of
the social, economic and environmental well-being of Montana people in present
and future generations.

NOW, THEREFORE, BE IT RESOLVED BY THE SENATE AND THE HOUSE OF REPRESENTATIVES OF
THE STATE OF MONTANA:

That the environmental quality council is hereby directed to undertake a
thorough study, prepare a report, make recommendations and propose legislation
concerning the development and implementation of a state energy policy as it
relates to a developing national energy policy.

BE IT FURTHER RESOLVED, that the governor is requested to direct the coal
task force to work with and advise the environmental quality council in con-
ducting a state energy policy study.

BE IT FURTHER RESOLVED, that the avowed purpose of this resolution is to
obtain a comprehensive energy policy, together with recommendations for necessary
supply of energy in a manner consonant with the preservation of environmental
values and the prudent use of the state's air, land, water and energy resources.

BE IT FURTHER RESOLVED, that copies of this resolution be delivered to the
Honorable Thomas L. Judge, Governor of the State of Montana; to the Honorable
Mike Mansfield and Lee Metcalf, United States Senators from the State of Montana,
the Honorable John Melcher and Richard Shoup, Congressmen from the State of
Montana and to the Honorable Rogers Morton, Secretary of Interior of the United
States, to the presidential Counsellor for natural resources and to the Montana
coal task force.




Bs
IT.
Lils
IV.
V.
VI.

VII.

VIII.

IX.

Table of Contents

INTRODUCTION .« vttt iee e ettt et e it eee e ennns 1
INDINGS AND RECOMMENDATIONS. .. ittt ieee e 4
TOTAL ENERGY FLOW IN MONTANA. ...ttt iiiiae et 20
ECONOMIC IMPACT OF ENERGY DEVELOPMENT..........oovvivnnnnn.. 26
SUMMARY OF ENVIRONMENTAL IMPACT OF ENERGY ALTERNATIVES...... 33
ENERGY RESOURCE INVENTORY . ...v'iiireiieeiieiieeeneennnnnnnnn 35
Bl O won. s mim om o os 0 by o v 300 w00 0 ' 0 BRI 900 0 056 4RO 35
Br  POETOIRUIG w550 s o o0m 0 50955600500 0 55 5100 A 5600 o o 6 15 70
C. Natural Gas......ceuiiiiiiiiininnneneeeennnnnneeennnannns 84
B DT ORI s 15 w3555 05 5.0 0m00 50 mumwamns prswans wosny sy ss 5o 97
E. Hydroelectricity..ououuiiiiiiiiiin it ieeieeeennnn. 99
N o ol o ol I Y2 101
G, Geothermal. . ...iiiiiii it it it et ee et ineiaeannn 120
I U 1 T Y 132
o B I e - 3 o 144
T - N o 145
K Winlesss comnmanssvnnmsss sowsnsdssbnbzne rrmmest s nmsssses 150
ENERGY CONSUMPTION AND CONSERVATION.......evvrvvnernnnnnnnn. 151
S N 1T 1713 I T 151
Be ROBTdERBIAN o mmss.isammmmis sos s ohbmmenn s smmne o smmees 160
K CIOMMIORE T 1w s 50w 0 0 1 11 5000 5 0000 e 55 8 2 05 5 B T 17
D, Transportation....ove i erieiieiiieiieiieeieenneennnns 173

PROJECTED STATE AND NATIONAL ENERGY CONSUMPTION

THROUGH 19851 vt vstteee e ee ettt e e e e e et e 180
MAJOR STATE AND NATIONAL ENERGY REGULATION.................. 200
CURRENT ENERGY TAXATION SYSTEM.......evuuruneeeeennennnnnnns 219



/
I. INTRODUCTION

v

The "energy crisis" of 1973 brought to public attention what had been known
for some time by a few specialists -- that we can no longer take for granted the
unlimited supply and unrestricted consumption of energy. The nation and the states
have come to the realization that there should be more careful energy planning.
Continuation of unnecessary, uneconomical, and inefficient uses of energy can no
longer be tolerated.

Of particular concern to Montana is the development of western coal resources.
Some Montanans fear that Montana will bear all the environmental costs of energy
extraction and conversion for the region without receiving commensurate benefits.

The Energy Policy Study examines the issues involved in the question of coal
development, the need for environmental protection, and the need for adequate
supplies of energy to protect the health and safety, promote the general welfare,
to assure continued economic stability.

The main objective of the Energy Policy Study is to encourage careful treat-
ment of the environment within the framework of economic activity. (The greatest
reduction of damage could be achieved by a complete shutdown of industrial and
commercial activity; obviously this is not a viable alternative. People will
probably not be grateful for measures which protect their environment at the ex-
pense of their jobs.)

Because energy issues are very controversial, it is difficult to make recom-
mendations which will reflect the views of all interested parties. The Environmental
Quality Council's recommendations are fundameﬁta]]y weighted toward environmental
protection. EQC arose from the Montana Environmental Protection Act which declares
that

"it is the continuing policy of the state of Montana, in co-operation

with the federal government and local governments, and other concerned

public and private organizations, to use all practicable means and
measures, including financial and technical assistance, in a manner



calculated to foster and promote the general welfare, to create and main-
tain conditions under which man and nature can coexist in productive harmony,

and fulfill the social, economic, and other requirements of present and
future generations of Montanans.

(a) In order to carry out the policy set forth in this act, it is
the continuing responsibility of the state of Montana to use all practicable
means, consistent with other essential considerations of state policy, to
improve and co-ordinate state plans, functions, programs, and resources
to the end that the state may --

(1) fulfill the responsibilities of each generation as trustee of
the environment for succeeding generations;

(2) assure for all Montanans safe, healthful, productive, and estheti-
cally and culturally pleasing surroundings;

(3) attain the widest range of beneficial uses of the environment

without degradation, risk to health or safety, or other undesirable and
unintended consequences;

(4) preserve important historic, cultural, and natural aspects of our
unique heritage, and maintain, wherever possible, an environment which sup-
ports diversity, and variety of individual choice;

(5) achieve a balance between population and resource use which will
permit high standards of living and a wide sharing of life's amenities; and

(6) enhance the quality of renewable resources and approach the
maximum attainable recycling of depletable resources.

(b) The legislative assembly recognizes that each person shall be

entitled to a healthful environment and that each person has a responsi-

bility to contribute to the preservation and enhancement of the environ-
ment."

This is our perspective and the recommendations ought to be viewed with this in
mind.

The Energy Policy Study consists of the following sections:

1. Inventory of the alternative energy sources available to the stéte with
a discussion of alternative methods of extraction or conversion and associated
environmental costs.

2. Summary of current consumption by end use sectors and possible conserva-
tion measures for those sectors.

3. Discussion of the energy consumption in the next decade in Montana and

the United States and factors which contribute to the uncertainty about the energy

)
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outlook.
4.
5.

Summary of major state and federal regulatory agency activities.

Recommendations based on Montana's energy picture

9



IT. Findings and Recommendations ‘t

Standard of Living and Life Style--Findings

1.

When considering energy or land-use policy recommendations which might
have the effect of changing life styles, it must be remembered that an
ever increasing higher standard of living measured by per capita income
does not necessarily lead to a higher quality of life. A higher per
capita income implies more and more consumption of material and energy
which in turn usually means more air, water, and land pollution. This
is not to say, however, that a higher standard of living must incur
greater environmental costs. With stringent environmental safeguards
and improved pollution technology, it may be possible to improve both
the standard of living and environmental quality. For example, if the
economical conversion of solar energy into electricity is achieved an
abundant, relatively clean source of energy would be available with
minimum environmental and social cost.

Through recycling and use of renewable resources we might be able to
have sufficient materials at our disposal without imposing unacceptable
depletion of finite resources. We should not continue to increase

consumption of materials and energy at an uncontrolled rate, counting
Shoutd w~of

on new technology to bail us out. We)assume that environmental problems

associated with production and consumption of materials and energy can
not be solved through technological advances. . ﬁ,policy of making

maximum use of renewable and recyclable materials and energy sources

may mitigate some of the environmental problems associated with consump-

tion and production of materials and energy.

David Freeman in his recent book Energy summarizes the situation well:

"

The energy policy issue, then, is fundamental, demanding that



we reasses our definition of 'growth', our criterea of individual
and collective well-being and even our ideal of the American way
of life. Many times in our history we have changed, adjusted and
matured, emerging stronger. Now we are entering another time of
change, another test of our intelligence and maturity.

My study of energy policy has led me to the most difficult and
trcublesome conclusions: That the United States economy must undergo
fundamental restructuring in order to balance our energy budget."

5. The extent to which technology is developed depends upon how much money
is allocated to energy research, and the priority different types of
research receives. There isn't agreement as to what those priorities
should be, although there is general agreement that much more money
should be spent on energy research. Past research has focused somewhat
narrowly on the development of coal to solve energy problems in the
short and medium run, and nuclear energy to supply energy for the long
run. This seems to be a rather risky investment; both of these energy
sources are finite and have numberous environmental problems associated
with their extraction, conversion and use. Ve are counting on using
energy savings (fossil fuels) rather than using energy income in the
form of renewable sources such as solar and wind energy.

Standard of Living and Life Style--Recommendations
The recommendations in this energy policy are not intended to cause life style

changes, although it seems inevitable that our life styles will change. Conditions

around us are in constant flux; if we are to be a viable society, our lifestyles
must reflect adaptation to changes.

As the Montana energy policy is revised and evolves to reflect changes in the
international, national, regional, and state energy and environmental situation,
there may be policy recommendations which affect lifestyle. The public must be

made fully aware of the lifestyle changes proposed, (e.g. limits on material or

energy consumption).



Pricing--Findings

The full cost of the economic activity such as energy development and
consumption should be accounted for in its price, including the cost of using =
common property resources.

All previously "external" environmental, social, or economic and/or benefits
of the extraction, conversion in processing, transportation and use of energy
resources should be reflected in the market price of energy. (Externalities
are those benefits or costs to a third party which are not incorporated into
the economic producer cost or consumer price.)

Costs of environmental degradation, especially long-term effects, have been
largely ignored in the past. To some extent, our use of energy has been sub-
sidized; future citizens will have to pay for the cumulative and long-term effects
of energy development and use.

Clearly, it will not be easy to assign dollar and cent figures to such
external costs. It is extremely difficult to agree upon such costs. For example,
the value one person places upon clean air may be much higher than its value to -
another person. Therefore, assigning a money value to externalities will have to
be somewhat arbitrary. However, an attempt must be made to assign some reasonable
value.

There is need for research on the effect of current pricing policies on
energy consumption. The extent to which price increases decrease demand (prices
demand elasticity) is not altogether clear. Certainly wasteful energy consumption
should decrease considerably with rising prices; more necessary energy uses will
probably not decrease much (For further discussion of price-demand elasticity,

See section on Energy Consumption).
Some price changes are inevitable due to higher exploration, extraction,

and production costs because of more expensive materials, labor and environmental

controls. The additional price changes resulting from possible rate restructuring




or new taxation policies must be brought about in a careful and non-disruptive

manner.,

Pricing--Recommendations

1.

Taxation

1.

2e

3

Taxation

1.

The "cost'" of the water used in any type of energy conversion
facility must be reflected in the price of that energy source.

Water is a limited and valuable resource and should not be consumed
as a free commodity.

A pollution tax should be implemented to include the cost of pollution
in the price of energy.

A plan for assuring adequate community and social services for coal
development regions should be formulated to cover both long-term
permanent growth as well as peak construction "boom" growth. The
plan might include prepayment of corporate taxes in the form of a

tax credit.

System--Findings

Current fossil fuel tax system is neither simply designed nor con-
sistent among the three important fossil fuels.

The Net Proceeds Tax as a revenue source is unnecessarily complex

and unpredictable.

Under certain circumstances energy resource tax receipts are in-
adequate in quantity and not available when needed to compensate for
environmental and social costs on society caused by energy development.
System--Recommendations

Combine Net Proceeds Tax, 0il Producers.License Tax, Strip Ceel Mines
License Tax, Natural Gas Distributors License Tax, and Oil and Gas
Conservation License Tax--all into two taxes: one based on gross

value and one taxing BTU content of energy sources.



2. Incorporate into the proposed tax system a flexible procedure

for distributing the tax receipts to the local counties and school

districts where energy development is taking place. i

3. Investigate the feasibility of forecasted corporate property taxes
to make the revenue available as needed to defray local costs
associated with energy development.

Taxation on BTU Consumption--Findings

A tax on the use of BTUs:at the point of consumption might serve to more
fully equate the price of energy with the full costs of supplying it.

A reduction of growth of energy demand might be achieved while at the
same time increasing state revenues needed to solve energy related problems,
by levying a tax based upon BTUs consumed at each point of consumption. This
tax would apply to all energy used. An energy tax of this sort would promote
energy conservation by raising prices while preserving economic freedom of choice
and would raise revenue for energy research.

A recent report from the Center for Advanced Computation at the University
of Illinois has estimated the potential impact on consumers of a 20 cents per
million BTU tax levied on energy consumption. The total burden including pass-
throughs by industry and commerce is approximately $35.00 per person per year
at 1963 energy consumption levels and prices. In fairness, low income families
might be given a flat per capita state income tax deduction because there exists
a "subsistence level" of energy use.

Taxation on BTU Consumption--Recommendations

That the state investigate the feasibility of a tax on the BTU~-consumption
of energy and its effects on energy consumption by residential, industrial and
commercial consumers.

The tax on BTU consumption should not discriminate against one type of fuel
use or another. This would be a workable substitute until "full-costing"

taxation is accepted and economically workable. The BTU tax would provide revenues



to solve social and environmental problems associated with energy vroduction
and consumption, research on clean energy sources, conservation in building
techniques and industrial processes.

Emissions Tax--Findings

Direct regulation of pollution from energy development would force
retention of the environmental costs within the development only if all air
and water quality standards are met. Whether these standards are met depends
on:

l. Administrative and judicial concensus on a scientific basis of

standards.

2. The strength of enforcement provisions in the event of violations

of standards.

3. Agency manpower, attitudes and budget to enforce the law.

A basic economic inefficiency in this system is the lack of readily identi-
fiable economic incentives to abate pollution (particularly when pollution results
from control inefficiencies or lingers because standards are met.)

Emmissions Tax--Recommendation

A mixed strategy is recommended, one combining direct regulation and a tax
on pollution. Critical levels of pollution would be defined, beyond which
pollution would be taxed severely. A fines system would be appropriate while
administrative and judicial clarifications are made. Taxes might be levied against
all forms of pollution, significant or not,\to impress that all pollution has
some environmental cost (degradation). Pollution caused by inefficiencies or
accidents also would be taxed.

The taxing scale should vary with pollution, being severe enough at all levels
to encourage realistic cleanup efforts. The tax would be a part of existing

pollution regulatory systems.



Life-Cycle Costing--Findings

l. The private sector should consider life-cycle costing in its
appraisal and financing processes. (Life-cycle costing looks at
the costs of a particular building from the perspective of owning
and operating costs over the life of the building or system in
addition to looking at initial capital costs involved.)

2. Today there is little incentive on the part of the building industry
to consider life-cycle costs as their profits are determined solely
by construction costs and selling price. Commercial building owners
would be uninterested in life-cycle costs if they merely passed on the
utility bills to the renters. Homeowners would not necessarily care
about life-cycle costs if they did not plan to own their home any
length of time.

Life-Cycle Costing--Recommendation

Built-in constraints could be overcome if life-cycle costing became an
integral consideration of banks for new construction loans or a part of the
appraisal process for setting market prices on existing buildings.
Land Use--Findings

The patterns of land development in Montana will greatly affect consumption.
The continued growth of sprawling and distant cities will require considerable
energy for transportation.
Land Use--Recommendation

The long-term efficient use of Montana's energy resources compatible with
the maintenance of high environmental quality would obtain by compliance with
comprehensive and detailed land-use plan. It may be desirable to set aside
areas rich in energy resources for future development, making them available
both before and after development for other uses. This might be a way of

assurine future energy supplies for Montana.
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Coal--Findings

1.

3.

\n
.

The development of Montana coal is significantly changing the
environment, economy and social structure of eastern Montana.

Coal development may conflict with agriculture on several counts.
Mine-mouth coal conversion (to electricity, gas, 0il) requires large
amounts of water. Coal is found in a dry area where irrigation demands
are increasing. It is unclear how available water might be allocated
among conflicting uses: agriculture, industry, municipal supplies,
recreation and maintenance of fish and wildlife values. Siting of
mines, power plants, pipelines, rail spurs and transmission lines all
may conflict with present agricultural productivity and future growth.
Montana coal has two futures: shipment to market for export and utility
consumption elsewhere, or conversion at the mine mouth to electricity
and synthetic natural gas. The market for exported coal may expand

to the point where costs of long-term production and transportation to
market meet the costs of desulfurizing eastern coal. In-state market
would remain even if desulfurization proved economic because sulfur-in-
coal is not a major consideration in gasification.

Prices of western coal probably cannot support the true and complete costs
of its mine-mouth development. These costs include foreclosure of
significant agricultural expansion, disruption of rural communities,
water supplies, schools and governments, and implicit commitment to

and tacit approval of a wasteful energy policy.

Reclamation of strip-mined land remains doubtful in many areas targeted
for mining development. Adequate demonstration of both technique and

success are lacking, especially on land with alkaline soils.



Coal--Recommendations

1.

2e

Montana should apply existing laws to minimize environmental
impacts of energy extraction, prohibit mining in areas where
reclamation is not possible using known procedures, or as required
by law, and minimize economic dislocation of communities. The
Strip Mine Siting and Strip Mining and Reclamation Act should be
vigorously administered.

The Legislature should debate and thoroughly examine basic coal
policy statement that would limit coal production to that destined
for export from the state and encourage energy developments only

to meet the needs of Montana's citizens.
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Hlztural Gaz--Findings

2o

Natural gas is the cleanest, most versitile and efficient fossil ‘uel.
Natural gas is a scarce fuel.

The price of natural gas has been held artificially low by Federal
regulation of the wellhead price, encouraging over-consumption.

Current gas rates encourage consumption of natural gasSe

Montana is dependent upon Canadian natural gas supplies although the
state has substantial gas reserves.

Some Montana gas is exported.

Industries and other large users asking for new natural gas contracts
are being turned down by utilities.

Gas~--Recommendations

The state should encourage the exploration for natural gas, particularly
for the development of Montana reserves to be made available to Montana
gas consumers. This does not mean that the state should encourage the
use of natural gas however.

The state should support controlled federal deregulation of wellhead
prices both to provide incentive for exploration and production of
natural gas and also to allow the price of natural gas to rise to a
competitive level with other fossil fuels on a BTU basis. The deregu-
lation of wellhead prices should be coupled with a provision that any
additional profits resulting from the deregulation be used for the
development of new reserves (as long as the energy expended for secondary
and tertiary recovery does not exceed the energy extracted), and gasi-
fication research (with particular attention paid to such problems as
adverse environmental and social impacts, the conflict for water and

land with agriculture). Prices are expected to rise with the controlled



deregulation of gas prices, having a dampening effect upon demand
(the amount of conservation depending upon the price elasticities
of the various gas-consuming sectors).

3. The Public Service Commission(PSC) should thoroughly analyze gas
rate structures with special attention paid to the following:

a. The necessity to conserve natural gas which is the cleanest
and most scarce fossil fuel.

b. Insuring an adequate supply of natural gas for residential
and other high priority users.

c. Cost of service to users.

d. The possibility of large industrial gas users converting to a
more abundant source of fuel (e.g. coal).

L4, Gas utilities should be encouraged to send out gas conservation infor-
mation sheets with their monthly bills.

Alternative Energy Sources--Findings

1. Of alternative energy systems there is little incentive to purchase
or operafe due to the relatively high cost.

2. There is enough waste generated by cattle on feedlots within a radius of
20 miles around Billings to produce enough methane to supply 25% of the
Bird Plant natural gas requirement in Billings.1 In addition to production
of methane, utilization of the wastes for this purpose would alleviate
the severe feedlot waste disposal-problem plaguing the feedlots, and the
sludge by-product would provide a source of fertilizer (which is in short

supply in Montana).

\N

. Information on solar radiation insolation rates in Montana indicated that

solar energy could be used as an auxilliary heating source.
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Alternative Lnergy Sources--Recommendations

1.

Ce

Tax incentives should be offered to home owners installineg auxilliary
solar heating systems (This would be especially helpful for homes in
rural regions relying upon fuel sources in low supply), wind power
systems and other methane generators.

The feasibility of a prototype methane converter run on feedlot wastes

around Billings should be investigated.

Sconomic Growth and Industry--Objective

Economic growth should be guided along a path consistant with policies

designed to improve the environment. Sectors that impose minimum stress on

the environment should be encouraged; those that impose severe stree should be

discouraged.

Economic Growth and Industry--Findings

1s

2e

Because of cheap abundant energy, energy-intensive industries have
located in Montana in the past, sometimes resulting in environmental
degradation.

Strict, but no unreasonable, pollution controls and higher energy
prices would have the effect of altering energy-intensive and heavily
prolluting industries to Montana, but might make it more attractive to
light, clean industries. The extent to which industries would be en-
couraged or discouraged from locating in Montana would depend upon the
pollution and energy policies of the region and nation, if surrounding
states or the nation had laxer regulation, energy-intensive industries
would be drawn to those states; conversely, if Montana's regulations
are less stringent and energy prices are lower than in other states,
heavy industry would find Montana attractive (as it has in the past).
There is room for improvement of the efficiency of industrial energy

usee.



Economic Growth and Industry--Recommendations

1. Montana should adopt a policy of encouraging those industries which
are low polluters and energy users. This policy would have the twofold
effect of encouraging economic growth while minimizing environmental
degradation.

2. The state might provide investment tax credits for industries pur-
chasing energy-saving capitol equipment (e.g. heat recovery equipment
for industrial furnaces, more efficient machinery, furnace insulation,
etc.). In addition, utilities might be encouraged to cooperate with
the state and lending institutions to provide low-cost loans to industry
for purchasing energy-saving equipment.

5. Montana should also encourage a gradual trend away from the industrial
use of scarce materials and increasingly large amounts of energy to
consumption of material and fuel in a manner more compatible to environ-
mental quality. This shift would not result in economic disruption if
it were done slowly and carefully.

Residential Energy--Findings

l. About a third of Montana's energy is used by the residential and com-
mercial sector; most of the energy is used for space heating and cooling.

2. There are considerable energy-saving potentials in the residential and

commercial sectors.

5. Lighting standards can be set at lower levels with no adverse effects.

k. Heat loss could be substantially reduced for buildings.

Residential Energy--Recommendations

1. There are different ways the state might assist building and homecuners
to improve the insulation efficiency of new and existing structures.

The state could allow state income tax deductions for the partial or

full cost of installing energy-saving devices such as electric heat




2e

pumps, attic fans, insulation, double-paned glass, weather stripping,
storm doors and windows and solar collecting systems.

The state might ask that utilities investigate the feasibility of
supplying low-interest loans to homeowners (for energy-saving devices)
which would be prorated and repayable with the monthly utility bill

and the possibility of initiating regular furnace maintenance schedules.
The state should encourage utilities to investigate the feasibility

of installing residential or industrial electric heat sinks which are
charged during off-peak hours and release their heat during the day,
thereby lowering long-run energy costs by reducing peak demand. Industrial
heat sinks might also be used to store waste heat from industrial proces-
ses. Perhaps the state could offer tax incentives for the installation
of such devices as they are expensive to install.

New standards for lighting levels in schools and public buildings should

be set.

Transportation and Petroleum--Findings

1.

There is great potential for improvement in inter-city freight and
passenger transportation systems (especially rail systems).

There is very little consideration of energy included in state trans-
portation planning.

The transportation sector in Montana currently consumes between 25% and
30% of the total energy used in the state. Recently, the national and
state trend has been away from the more energy-efficient modes of
transportation. The primary mode of transportation in the state is

automobiles which vary widely in efficiency.

Transportation and Petroleum--Recommendations

l.

The state should begin to develop an energy-environment oriented trans-

portation policy which includes consideration of energy costs in highway

and transportation planning.
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2. An effort should be made to increase the efficiency and attractiveness
of public transportation for both inter-city and intra-city travel,
including the improvement of the Amtrak train service. More people
might use these energy-efficient forms of transportation if they were
made more attractive and convenient.

3. The feasibility of changing current yearly vehicle tax from a market
value base to a base reflecting auto horsepower, weight, or some other
measure of auto efficiency, should be investigated as an economic in-
centive to own and operate more efficient autos. Other incentives
might include levying gasoline mileage tax on the initial purchase
of new cars. (The less efficient the car, the higher the tax would be.)
Gas mileage information should be required to be shown on the price tag
of new cars in an attempt to make consumers aware of energy consumption
tradeoffs associated with each car considered.

L. The State Motor Pool should continue to replace large inefficient vehicles
with smaller more efficient ones. In addition, car pooling and conducting o
state business by phone rather than by travel should be encouraged.

Geothermal Energy--Findings

Geothermal energy is not without environmental impacts. Among the potential
problems are surface subsidence, waste water containing large amounts of carbonates,
sulfates, and silicates, emissions of hydrogen sulfide gas, land disturbance from
pipelines if the energy is used directly, and the environmental impacts associated
with electrical generation and transmission if the geothermal energy is being
converted to electricitye.
Geothermal Energy--Recommendations

All geothermal developers in Montana should be required to comply with exis*inr

environmental legislation and to prepare a plan designed to minimize environmental

impacts and to meet environmental regulation (e.g. air and water pollution standards)

g
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Coordination of State, Regional and National Policies--Findines
There is a need to coordinate state, regional and national energy policies.
Presently, energy policy decisions are being made on a piecemeal basis with
little or no coordination. Current state, regional and national policy efforts
are duplicated, inconsistent, and divergent. An agency may encourage an activity
which another agency discourages.
Coordination of State, Regional and National Policies--Recommendations
1. State policies for transportation, energy, land use, growth, and
environment- must be consistant.
2. The state must make an effort to establish a dialogue on state-regional
and state-national energy policy conflicts.
Revising the State Energy Policy--Findings
Energy conditions are constantly changing.
Revising the State Energy Folicy--Recommendations
An energy policy must be flexible enough to accommodate change. The following
is an outline of steps for the revision of current energy policies:
l. Energy information gathering and analysing.
2e Program review of agencies to determine compatibility with current policy.
5. Reassessment of current policy to determine if it is consistent with
current energy information developments and agency policies.
4, Tentative update of policy attempting to coordinate energy policy with
land use transportation, water and other state policies.
5. Public hearings, surveys, etc. to assess public reaction to current policy
and proposed changes.
6. Critique of policy by state agencies.

7. Develop energy policy recommendations for the legislature.
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ITT. TOTAL ENERGY FLOW IN MONTANA

This section briefly outlines energy consumption and production in Montana.

Figure 1 shows the state energy flow for 1971.

As Table I shows, coal and petroleum together account for 73.9 per cent
of Montana's energy production. Hydroelectric power provides about one-fifth
of the state's energy production. Natural gas is only 6.6 per cent of total
energy production and is not enough to meet the state's own natural needs.
Table I does not include wood and wood wastes burned for fuel in some in-
dustries and homes of the state.

Table II presents the total energy consumption for the state. Coal is a
much smaller part of energy consumption than of energy production because much
coal is exported to Midwest utilities. Large amounts of petroleum and some of
the electricity produced in the state alsoare exported. Canadian natural gas
imports make up the gap between demand and supply of this much desired fuel.
This energy picture does not include biological energy flow such as the use of

solar energy by agriculture to produce fuel.
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TABLE I

MONTANA TOTAL GROSS ENERGY PRODUCTION, 1971
(Trillion BTUS)

Energy Source Energy (Trillion BTU) Per cent of Total
Coal 175.8 34k.9
Petroleum 196.9 39.0
Natural Gas 557 6.6
Hydropower _98.3 _19.0
50k4.7 100.0

Source: U.S. Dept. of Interior, Bureau of Mines, "U.S. Energy Facts," 1971

and Mineral Industry Surveys, 1971.

i\



Source:

MONTANA TOTAL ENERGY CONSUMPTION, 1971

TABLE II

(Trillion BTUS)

Energy Source

Coal

Household and commercial
Industrial

Electrical Generation

Natural Gas

Household and commercial
Industrial
Transportation

Electrical Generation

Petroleum

Household and Commercial
Industrial
Transportation

Miscellaneous

Hydropower

Electrical Generation

Energy

22,4
1301
764

25.6
137.5

98.3
352.9

- ————

23

Per cent of Total

6.3

38.9

U.S. Dept. of Interior, Bureau of Mines Mineral Industry Surveys
and U.S. Energy Facts, 1971.



Definitions and Conversion Factors

Kilowatt-hour (Kwh)-The amount of energy used in 1 hour by a load 1000 watts.

British Thermal Unit (BTU)-The amount of energy required to make one pound of water
1°F, warmer.

Therm-One therm of natural gas contains 105 BTU of energy.

Kilowatt (kwe)—]O3 watts electrical energy.

Megawatt (Mwe)-10° watts electrical energy.

Million BPD (MBPD)-10% barrels per day oil.

Million TPY (MTPY)-10° tons per year solids (coal).

Billion CFD (BCFD)-10° cubic feet per day.

Acre-foot-one acre-foot of water equals 43,560 cubic feet.

Barrel (bbl)-one barrel equals 42 gallons.

Energy Form BTU Content
Petroleum

Crude 011 5.8 X 106/1bb1
Still gas 1500/cubic foot
Liquified petroleum gas 4.01 X 106/1 bbl
Motor and aviation gasoline 5.25 X 10%/1 bb1
Jet fuel (naphtha type) 5.36 X 109/1 bb1
Jet fuel (kerosene type) 5.67 X 10%/1 bb1
Kerosene 5.67 X 106/1 bb1
Distillate fuel oil 5.83 X 106/1 bb1
Residual fuel oi] 6.29 X 10%/1 bb1
Asphalt and road oi 6.64 X 106/1 bb]
Petroleum products 5.52 X 106/] bbl (weight average)
Natural gas 1075/cubic foot
Natural gas liquids 4.4 X 10%/1 bb

Wood 14 X 108/ cord



Energy Form (cont.)

Geothermal

Nuclear

Electricity

Hydro

o

v

BTU Content

+10,000/kwh
6.7 X 102/1 gram Uranium - 235
6.6 X 10°/1 kilogram reactor fuel (2.5% enriched

UOZ)
3413/ kwh
1,000 acre feet X 100 foot drop = 2.35 kwh
(at 100% efficiency)

1 acre-foot of water X 100 foot drop = 103.0 kwh
(at 100% efficiency)



IV. ECONOMIC IMPACT OF ENERGY DEVELOPMENT

This study does not present independent quantitative analyses
of the economic impacts of energy development. There are uni-
versity and government research efforts underway on the economic
impact of coal development in eastern Montana, some results of
which are incorporated in the Department of Natural l.esources
environmental statements on Colstrip Units No. 3 and No. 4.

Becausc the economic data is being developed elsewhere, ;
this study presents categories that should be included in any
economic analysis of Montana energy development. The accuracy
of any such analysis will depend on the validity of assumniptions (
concerning:

l. The magnitude and type of development, which in turn ~

depends upon current, and forecasted future market
prices, corporate profitability, the availability
of capital, competition from product substitutes, water

availability.

o

. Federal, state, and local governmental attitudes toward
cevelopnent; tax policy, leasing policy, siting and
reclamation requirenents.

The speed of development, which depends primarily

(@8]
.

upon procduct prices, governuwental policy, and coulin=-
ment availability.
one qunlifutive element which should be incorporated in
any tlhiorough economic analysis is a consideration Qf the effects
of the ecconomic impacts as they are distributed among the peojle.

For exaniple:




1. "kat proportion of jobs generated will o to local
residents?

e Will the existing small retail establishments be able
to afford paying wages commensurate with those offered
oy mining or construction companies?

3. Who will pay the short-term costs of supplying neecded
services (educational, police, waste disposal) to the
potential rapid influx of new residents?

4o Will water supplies be decreased or contaminated as
a result of stri) mining or coal conversion activities?

5« Will the local rancher have difficulty finding secasonal
ranch help?

6. "“ho will be adversely affeccted by the rise in the local
cost-of-living and the increase in short-term school
district levies?

an additional component of any economic analysis of Y.ontana

cnergy developuent should be a projection of the long—term shift

in local flows of economic goods and services. loreover, an
attempt rust be made to estimate the impact of energy develon-
ricnt on the long-tcrm health of the local economic systemn.

If significant industrialization accompanies resource

exploitaetion, and there is currently the potential for this

shift in

[$5]

in severdl areas in eastern llontana, there will be
the local flow of economic goods and services away from the
arricultural sector to the industrial and allied commercial
sectors. The local economy will become less dependent ujpon
those factors affecting agricultural welfarc (weather, market

srices) ancd morc dependent upon corporate decisions, federal

oo



oo
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leasing and energy policy, and eastern capital markets. Economic
Lover will shift away from large landholders and local banks to
the corporate interests. Without debating the merits of these
shifts, they will definitely have a long-term impact on the func-
tioning of the local economy.

Non-renewable use of the land base will also recduce the op-
tions available to future generations. Reducing future options
by irreversible commitments of land and water systems today will
recduce the long-term economic health of the local area which, in
the case of agriculture, is closely linked to maintaining the en-
vironmental integrity of the land and water.

The chartson the following four pages can be used to show the
veneral relationship between different tyoes of cenergy developnent
(left-hand column) and eight factors affecting the local economic

systeni.
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Coal

it

I

Petroleum

V. SUMMARY OF ENVIRONMENTAL IMPACT OF ENERGY ALTERNATIVES

Possible Environmental Impacts of Alternative Energy-Related Activities

Exploration and

Extraction Transportation

Railroad
1. land use
Slurry pipe
l. land use

Strip mining
1. land use
2. reclamation
3. ground water
disturbance
Underground mining
l. acid mine water
2. subsidence
3. health & safety
hazards

disposal

Transmission lines
1. land use

Coal fired generation
l. air pollution
2. land use
2. water consumption
Hydro generation
1. land use
2. loss of "free-
flowing'" character
of river
3. relocation of
people
Gas or o0il generation
1. air pollution
(not as gas)
2. land use
%. water consumption
Nucleur
1. land use
2. water consumption
3., radiation hazard

Blowouts Pipelines & storage
Spills facilities
Fires 1. land use

2. spills

2. water consumption

2. inductive effects

Processing or

Conversion Consumption
Electricity Direct burning
generation 1. air pol-

1. air pollution lution
2. water consump-
tion
3. land use
Gasification or
liquification
1. land use
2. water consump-
tion

Refinery Air pollution
1. water pol-

lution



Natural Gas

Uranium

Solidwaste

Solar

Wind

Possible Environmental

Impacts of Alternative Energy-Related Activites

Exploration and
Extraction

Blowouts
Spills
Fires

Transportation

Pipelines & storage
facilities
1. land use
2. spills

Health & Safety of miners Radiation hazard

Transmission lines
(if converted to
electricity)
Pipelines (if hot
water used directly

(continued )

Processing or
Conversion

Consumpt ion

Electrical
generation
1l. radiation
hazard
2. water con-
sumption
3. land use

Direct burning
1. air pollution
Pyrolysis
1. disposal of
wastes

Unsightly collectors

Possible changes in
earth heat balance
due to decreased
albedo

Land use

Land use



VI. ENERGY RESOURCE INVENTORY

Coal Reserves and Physical Characteristics

Montana has the largest demonstrated coal reserve base of any state
in the nation (about 25 per cent of national total) with an estimated 107.727
billion tons. Surface mining methods are expected to be able to extract 42,562
billion tons of these reserves. The remaining coal, approximately 65.1 billion
tons, could be mined by underground methods. The term, 'demonstrated coal
reserve,'" refers to coal resources which can be economically and legally mined.
These reserves consist of two types of coal, subbituminous and lignite.*
Subbituminous coal has an average heat content of 8,500 BTU per pound. Lignite
coal has a lower average heat content: 6,750 BTU per pound. Both coal types
have significantly lower heat (BTU) content than eastern coal; 50 more tons of
Montana coal must be burned to produce equivalent heat energy. Here is a
breakdown of Montana's demonstrated coal resource according to type, potential
mining method, and percentage of the nation's total reserves:

MONTANA COAL RESERVE BASE
(as of January, 1974 in millions of tons)

Mining Method

Type of Coal
Surface Underground
Subbituminous 35,431 63,781
Lignite 75131 not economically
minable
Total L2,562 63,781
Per cent of Total 3] 51

U. S. Reserve

*The demonstrated coal reserve for subbituminous coal includes seams 60 inches
or thicker and less than 1,000 feet deep; for lignite, 60 inches or thicker and
no deeper than 120 feet. Whenever coal reserve is mentioned in the coal section
it refers to the demonstrated coal reserve unless otherwise noted.
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The most important physical characteristic of Montana coal is its relatively
low sulfur content. Utilities that produce electricity from coal must meet air
quality standards limiting the amount of sulfur dioxide released into the air.
Utilities are now using low-sulfur fuel to meet these requirements, although
the requirements were relaxed somewhat during the oil embargo of 1973-'74., Of
the state's strippable coal reserves, 33,761 billion tons are of this low-
sulfur variety.

To determine whether a particular coal deposit is suitable for the low
sulfur coal export market to utilities, sulfur content per million BTU must
be calculated. Since more Montana coal than eastern coal must be burned to
generate a million BTUs of heat, even coal with a relatively low sulfur content
may become unacceptable due to the cumulative amount of sulfur released into the
air.

A general classification of BTU ratings of Montana coal, related to the max-
imum amount percentage of sulfur per pound of coal it may have and still meet

air quality standards is listed below.

COAL HEAT CLASSIFICATION
(In relation to the maximum amount of sulfur allowable and still meet air quality

standards)

Heat Ratings (BTUs per pound) Per cent sulfur per pound
10,000 equal to but no greater than 1.2

9,000 equal to but no greater than 1.0

8,000 equal to but no greater than .96

7,000 equal to but no greater than .80

6,000 equal to but no greater than «70

5,000 equal to but no greater than .60




Approximately 93 per cent of Montana's strippable reserves have acceptable
sulfur content from an air pollution control st;ndpoint. The chart below
gives the actual tonnage for sulfur content of Montana Coal according to
low-sulfur (meeting present air quality standards) coal tonnage compared to

total coal reserves with sulfur content identified.

RANKED SULFUR CONTENT OF MONTANA'S STRIPPABLE RESERVES

Sulfur content Coal with low sulfur Coal with sulfur content ident.*
Per cent per pound
of coal (million tons) (million tons)

40 or less 2k,661,22 2k,661.22
A1-.5 5,478.52 5,478.52
.51-.60 1,812.33 1,812.33
.61-.70 312,02 312,02
.71-.80 1,379.88 1,379.88
.81-1.0 118 1,442,52
1.1-1.5 0.0 362,98
1.5-2.0 0.0 ___628.95

TOTAL 33476197 36,078.42

*2316.45 million tons of strippable coal has no sulfur content identification.

Coal Prospecting Permits

Even the most recent coal reserve estimates are subject to change. Coal may
be added to or subtracted from the reserve figure as economic or legal conditions
change and as the coal regions are further explored (prospected) by energy
companies. There has been extensive prospecting in 17 counties in Eastern
Montana; six of the counties have no demonstrated surface minable coal reserves.

Prospecting activity is registered by the Department of State Lands which
has authority over prospecting permits. The Department issued 48 permits for

coal in Montana from June, 1973 to June, 1974,
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The following chart lists the number of prospecting permits issued by

county:
PROSPECTING PERMITS -

Counties (with demonstrated strippable reserves) Number of Permits
Rosebud 5

Powder River 3

Dawson 5

Custer 6

Wibaux

Fallon 3

Bighorn L

Richland 3

McCone 3
Roosevelt 2

Sheridan 1

—

Counties without demonstrated reserves Number of Permits
Prairie 3

Carter 2

Garfield 2

Hill 1

Blaire 4

Treasure il

Coal ILeasing

There are at least 614,000 acres in Montana on which coal mineral rights
have been leased. Some of this leasing is speculative (i.e. not intended for
immediate development, but rather for development when the demand for coal

increases). The leases have been issued by the following sources:



Coal Leasing in Montana Acres Leased
Federal Government (Indian) 91,390
(non-Indian) 364229
State Lands 56,217
Private 430,397
Total Acres Leased 614,233

The Northern Cheyenne Tribe has been partially successful in petitioning
the Department of Interior to cancel all existing leases and prospecting permits
it had issued for the Northern Cheyenne. The Crow Tribe recently requested
similar action. The status of the 91,390 acres of leased Indian lands is,
therefore, uncertain.

It should be noted that the private leasing figure is dated and incomplete.
Reports from eastern Montana ranching communities and from coal lease brokers
indicate that speculative acquisition of private coal rights is proceeding at
a rapid rate.

Current Mining Activity

All of surface mining in the state is area strip mining. (Contour mining

is not allowed in Montana under the Strip Mine Siting Act.) Area mining is

used in flat or slightly rolling areas where the coal seams are relatively flat.

The design of the pit is governed by the equipment and desired level of pro-

duction. Pits are made in a series of long, narrow strips; as the mining

continues, the overburden from each strip is cast back into the open pit of

the previous strip where coal has been removed and trucked off. A series of gigantic

parallel furrows are formed suggestive of a plowed field.

"Mine boundaries may be determined by coal burn lines (from
historical fires), property lines, or areas in which overburden
is presently considered too thick to remove economically. Some
active operations are tentatively projected to remove up to

one hundred fifty feet of overburden for a fifty foot coal seam."
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Production
Production of coal in the state has rapidly increased in the last few
years. The estimated 1974 production level exceeds the 1972 production level
by twice. The graph shows coal production from 1960 to the present.

The estimated 1974 production of coal is listed below.

Company 1974 estimated production (million tons)
Peabody Coal Co. 345

(subsidiary of Kennocott Copper)

Western Energy (subsidiary of 2.4
Montana Power Company)

Knife River Coal Co. (subsidiary .
of Montana-Dakota Utilities)

Decker Mining Co. (jointly owned 6.0
by Peter Kiewit and Co., and

Pacific Power and Light)

Westmoreland Resources (partnership 15
of Kewanee 0il Co., Morrison-Knudsen

Co., Penn Virginia Corp. and

Westmoreland Coal Co.)

TOTAL 15,200,000 million tons

Most of the coal is sold to electric utilities in the midwest. There
is one in-state contract from Western Energy for the J. E. Corette steam
generating plant in Billings, owned by the Montana Power Company .
Current Coal Transportation

All of the exported coal is transported by unit trains which are used only

for the transportation of coal and are assigned to specific destinations. It

has been estimated that nationally, one-third to one-half of all coal transported

by rail is by unit train. Below is a graph showing the coal mining company
contracts in state and the number of railroad cars being used to transport the

coal. (Information on other contracts for Montana coal is not available to the

public.)
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CURRENT USERS OF COAL
Cars per/week

Company 100 Ton/Car Destination User
Western Energy 83 Billings, Montana Corette Steam Generating~
Plant
263 Ste. Paul & Northtown,
Minnesota
580 Havanna & Hammond, Wisconsin Power & Light
Illinois
125 Joliet, Indiana
8 Other
Peabody 300 Cohasset, Minn. Minnesota Power & Light
Decker 500 Havanna, Illinois Commonwealth - Edison
Westmoreland 832 cars Minneapolis, Minn. Northern States Power
anticipated Dubuque, Iowa Interstate Power Co.
in 5 years LaCrosse, Wisconsin Dairyland Power Cooperative
Madison, Wisconsin Wisconsin Power & Light

Cost of the Montana Coal

The cost relationship between various kinds of fossil fuels (coal, oil N
and natural gas) is measured in the common denominator of heat value, that is,
cost per million BTUs. Montana coal is inexpensive compared with other fossil
fuels (e.g. 0il and natural gas) and coal from other areas. The low operating
overhead cost for Montana strip mines is attributable to the thick seams of
coal being so close to the surface. This relationship is expressing as the
"stripping ratio," the amount of overburden needed to be pushed aside to produce
a ton of coal.

Cost can also be expressed as a function of area disturbed

relative to the coal produced. Figure 6-7 shows the lowest

operating cost and the least area of disturbance per million

tons of coal produced to be in Wyoming and Montana, where the

very thick coal seams are covered by relatively thin overburden.

In contrast, the highest operating cost and the greatest unit

disturbance per million tons are found in states with thinner,
more deeply buried coal seams.
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STRIPPING RATIO (OVERBURDEN: COAL)

There are five states to which Montana coal is shipping for consumption

conversion in electric generating plants.

In these states Montana coal is

competitive on the basis of heat content with oil and natural gas. Below is

chart showing the comparative cost of coal, oil and gas measured by cents per

million BTU for each state.

COMPARATIVE COST OF FOSSIL FUELS IN SELECTED STATES
(cents per million BTUs)

State Coal 0il
Montana (Corrette 20.8 LTS
Plant, Billings)
Minnesota 4.8 78.8
Illinois 38.0 61.3
Towa 39.4 85.4
Wisconsin 47,6 78.4
Michigan Lk, 7 71.0

Per Cent of Utilities

Gas Using Coal
24,7 92
31.9 69
51.4 85
34,6 66
47,8 90

5845 84
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Notice the relationships between the percentage of eonsumption of coal
by utilities to the natural gas prices. In areas where natural gas costs are
lower than coal (Minnesota and Illinois) the percentage drops to the upper N~
60s. Now, natural gas prices are soon to rise with new federal price de-
regulation policy changes. As natural gas prices itself out of the market,
Montana's coal probably will become more attractive.

A statement made by Lt. Governor Bill Christiansen in the fossil fuel
taxation hearings July 19, 1974, further illustrates the cost advantage and
hence strong demand for Montana coal:

There's a producer that has the capacity of about 6.5 million tons;

who has 4 million tons subscribed for on a contract. He personally

told me that coal consumers (electric utilities) were beating a

path to his door to buy the last 2/ million tons of capacity for

calendar 1975, and that it looked like he would not even have to
go to competitive bidding. And that's a Montana producer.
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Future Coal Demand

Future Montana coal production will probably not go below production
levels tied to long-term (20-30 year) utility contracts. This market may
greatly increase over current levels due to increased demand for low-sulfur
coal by these utilities. However, the greatest future demand for the state's
strippable coal rese}ves will be for use in mine-mouth conversion of coal
into synthetic natural gas and 0il. Policy changes in federal leasing of
western coal lands, new reclamation laws, and vigorous promotion of Project
Independance would vastly increase the demand for the state's coal reserves.
MNew technology which could desulfurize eastern coal and make eastern
reserves competitive with low-cost western deposits may have an effect on
the export market (midwestern utilities). The mine-mouth conversion of
coal into electricity or synthetic fossil fuels would not reflect this
market change. Location of gasification facilities primarily is dependent
on availability of large contiguous strippable reserves and lTow-cost of
production of these deposits.
Future Strip-Mined Coal Demand

There are two sets of figures giving an indication of projected strip-
mining through 1980. First, there are estimated for 1975 and 1980 coal strip
mined production which the Montana Energy Advisory Council (MEAC) compiled
and then there are three coal development profiles which NGPRP, an inter-
governmental (state and federal) study group compiled for the years 1976,
1980, 1985, and 2000. These projections give an indication of the amount of
coal development which would occur given various policy choices.

The Montana Energy Advisory Council has estimated coal production for
the years 1975 and 1980 based on known coal sales contracts. These

estimates do not include possible new mines opened by 1980 or additional
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expansions of production at existing mines. New coal conversion facilities
Tocated in the state (other than the pending application of Montana Power

Company for two new units at Colstrip) are not included. This table shows

the estimates for coal- production by year, according to use and mining

company.
COAL DEVELOPMENT PROJECTION* FOR 1975 and 1980
(millions of tons coal)
Year Electrical Generation Coal for Export Years % Increase
over 1974
1975 0.3 Knife River 3.53 Western Energy
0.5 Western Energy 6.0 Decker
0.4 Western Energy 4.70 Peabody
(Colstrip)
1.2 18.23 19.43 27
1980 0.3 Knife River 10.32 Western Energy
0.5 Corette Plant 13.0 Decker Coal
3.0 Colstrip I&II 4.0 Peabody
6.0 Colstrip III&IV
(if built)
9.8 31.2 41.12 170

* Made by Montana Energy Advisory Council (MEAC) based on known sales contracts.

These figures give an indication of what production of coal would be like if
the state did not approve any new mines, allow expansion of mining plans for
existing mines or accept any more applications for mine-mouth generating
facilities.

There are three energy development profiles offered by the Northern Great
Plains Resource Program (NGPRP). The NGPRP is an intergovernmental effort
involving the five states of the Northern Great Plains Regions (Montana,
Wyoming, North Dakota, South Dakota and Nebraska) and three agencies of the
federal government. Their study is to project the impacts of coal and energy
development in the region. The program made three coal development projections

(CDP) based on the following:
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CDP I--Base energy coal production and energy conversion facilities
to meet region demands and supply existing coal sales contracts.

CDP II--The most probable forecast based on current demand trend.
COP III--An extensive development forecast showing the possible effects

of serious national shortfalls in imported o0il and natural

gas and delayed nuclear generating capacity.
The table below shows the coal production expected from Montana under

each of these forecasts.

NGPRP COAL DEVELOPMENT PROJECTIONS*
(millions of tons per year)

Year I--Base Development II--Most Probable III--Extensive
1975 20 20 20
1980 35 41 64
1985 39 75 153
2000 58 133 393

* Developed fall 1973

When one compares the 1980 MEAC projections and the NGPRP most probable
and base projections it is obvious that the "base Tevel" would be surpassed
by 1980 production totals.
Transportation of Export Coal

A11 of Montana's export coal now is transported by unit train. The
out-of-state use of Montana's 1980 coal production probably will increase at
least 71 per cent over 1975 estimated production. The existing railway
system may not be able to handle this load; and equipment, track and
operating costs may rise dramatically.

To be sure, much of the coal produced in western mines will move by

train, train-barge and train-barge-train systems to major consumers.
However, trackbeds need frequent repair and upkeep and existing
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railroad trackage has a practical saturation point. Beyond this point,

new expensive signaling and dispatching systems will need to be added

to existing rights of way or new lines will be needed to absorb the

increase in coal haulage from these western mines. It does not seem

Tikely that railroads and barge systems can accommodate these possible

coal flows from the West. Because of these factors, it is likely

that pipeline (slurry pipe) will be a strongly growing competitor to

rail systems.

Slurry pipelines transport coal in a pulverized form combined with water
to form a slurry. Water for slurry pipelines, if it is exported out of state,
is not considered a beneficial use under the Water Use Act, so no state--
controlled water may be used for that purpose. Federal water from reservoirs
does not have that Timitation and can be used for slurry. The chart shows
the cost relationship between various forms of transportation for a given
amount of Western coal.

Coal For Electricity

The national demand for electricity is growing at about 7 per cent per
year. Approximately 40 per cent of the new national electrical generating
capacity for 1975-1977 will be fuel by coal.. This percentage already is much
higher in the midwest where western coal is competitive with other fuels.

To meet air quality standards, low-sulfur coal will have to be used unless
technology for desulfurizing eastern coal is used. There are three al-
ternatives which should be considered to meet air quality standards and still
burn coal:

1. Eastern underground low-sulfur reserves, which are 30 times larger
than western low-sulfur reserves, could be used in these facilities.

2. Sulfur can be washed out of high-sulfur eastern coal before it is
burned, but this process reduces the heat value (BTU/pound) and may not be
reliable.

3. Stack scrubbers could be used to extract sulfur from emissions before

release to the atmosphere (desulfurization technology).
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The three alternatives, unfortunately, currently cost more (in dollars
per million BTUs 6f coal burned) than the choice industry is making now--use
of Tow-sulfur western coal. Market changes could chande the picture Wt
dramatically, however.
Coal for Synthetic Gas Production

A technology for conversion of western coal into commercial quantities
of pipeline quality synthetic gas called the Lurgi process of coal gasification
is available now. The E1 Paso Natural Gas Company is building a Lurgi
gasification plant of commercial size. This plant will product a low-BTU
gas from coal and concentrate it into a synthetic natural gas of pipeline
quality (around 1,000 BTU per 1,000 cubic feet). The process is designed
to work will with coal similar to Montana coal. Projected cost for the
process including transportation to a city's natural gas distribution lines
would be about $1.10 to $1.50 (1972 dollars) per million BTUs. This process
would become competitive with natural gas prices which are expected to rise
as high as $2.00 pér million BTUs. The resources required to operate such

a plant are listed next:
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COAL GASIFICATION RESOURCE REQUIREMENTS

Hypothetical Location near Decker Mt. (250 mmcfs) El Paso Plant (288 mmcfs)
Water 17,000 acre-feet per year 10,385 acre-feet ver vear
Acreage 1,030 acres 1,915 acres

(for plant)
Coal requirements 9.383 million (8,664 BTU coal)

(tons per year) 8 million
Reserve requirements
300 million 274 million
Another reason western coal is being considered for conversion into
synthetic natural gas is the low cost of these resources. "The supply of coal
for conversion or liquids during the 1971-1985 period can be expected to be
based largely on use of surface coal deposits in the Rocky Mountain area in
view of the much lower mining cost of that coal." (As stated earlier, Montana
coal is among the least expensive to extract in the nation.) "This does not
mean that only western coals will be used for synthetic feedstocks. Coal from
other areas may be used but the quantity would probably be very small as com-

pared to western coal."

Plans already have been announced for five gasification plants and one
synthetic fuels and fertilizer plant. An application is rending with the
Department of Natural Resources and Conservation for two additional power
plants at Colstrip (Colstrip Units No. 3 and No. 4). On the next page is a
chart of announced energy conversion facilities, coal to be consumed, and
general location. If allowed under the Utility Siting Act of 1973, these
plants demand a 62.3 million ton a year increase in Montana strip mine coal
production.

The National Petroleum Council developed three synthetic natural gas

projections based on different sets of circumstances. Case I was a projection



based upon the events that called for a maximum rate of buildup in the
synthetic fuels industry to meet demands for oil and gas in the absence of
firm natural supplies. This projection is probably equivalent to the type

of development necessary to have energy self-suffiency in the nation by 1985.
Cases II and III, called for a rapid but practical buildup rate to meet slowly
growing shortfalls of conventional oil and gas supplies. This projection
would be equivalent to the amount of development needed to meet energy demands
with shortages in natural gas and oil, but not necessarily needed for energy
self-suffiiciency. Case IV is a projection based upon a minimum rate of
buildup which was based on 1972 natural gas and oil prices that have gone

up tremendously. Montana's projected role in these scenarios is depicted in
the chart below, with the number of 250 mmcf gasification plants which would

produce the required pipeline quality gas.

COAL GASIFICATION PLANTS IN 1985

Case I million Case I1/II1 million
coal type no. of plants tons of coal no. of plants tons of coal
subbituminous 6ol 46,08 Bl 21.6
lignite 8.0 72,8 3.6 32,76

Total 4.4 118.88 6.6 54,36
Case IV million
coal type no. of plants tons of coal
subbituminous 1.0 72
0.0 0.0

Total 1.0 762

If the plants which have been announced by corporations were built by 1985,
(5--gasification plants) Montana would have approximated Case II/ITI., If

no new mines were built (other than for Case II/III plants) and present mines
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did not expand production after the 1980 MEAC estimates (based upon known
or expected contracts), Montana's total coal production would be 95.48
million tons with 6.8 square miles of land being disturbed annually for
mining of this coal.*

The Northern Great Plains Resource Program (NGPRP), has specific coal
conversion scenarios for Montana in addition Lo the coal production projections.
Again they use the three classifications of "base," '"most probable," and
"extensive," The base level of development includes four 1,200 megawatt power-
plants for Montana. The "most probable" projection includes four 1,200 megawatt
power pants and six 250 mmcfs gasification plants. Three 1,200 megawatt power
plants and fifteen 250 mmcfs gasification plants are included in the "extensive"

level of development.

SUMMARY OF NGPRP CONVERSION PLANT PROJECTIONS

Base Most Probable Extensive
Powerplants L L 3
Gasification 0 6 15

Thus it would seem that '"most probable" projections are realities today
in terms of coal development for Montana. As supplies of natural gas and
petroleum decline, and prices rise, the demand for in-state coal conversion
facilities will increase, probably to the NGPRP's "extensive development"
projection.

Coal and Environmental Effects
New research on the environmental impact of coal production in Montana

is pending for this study. Impacts of coal development will be addressed fully

in the final study.
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Water and Coal Conversion Development

The need for water related to coal conversion plants is especially
demanding compared to limited supplies in the easter Montana coal regions.
(For a full discussion of the water demand for the coal conversion industry
and its relationship to amounts of water already controlled, see the water
section of this report. ) In mine-mouth electric generating plants certain
features such as dry cooling towers may be used to lessen the amount of
consumptive use of water. In the synthetic fuels industry water is a vital
input into the process. "The water problem is not trivial. In coal gasi-
fication, water is used as a process input, the source of the hydrogen,
which when added to the carbon in coal, produces synthetic methane(gas). It
is not simply used as a coolant and returned to its source." The develop-
ment of the coal conversion industry would seriously impair irrigation plans
for river systems in the region and would foreclose growth of irrigation
in many parts of the state (see water report following this section.) An
alternative to Montana coal gasification would be: "It should be noted,
however, that given water probjems, distance from major markets (which
require extensive pipelining) and available economically recoverable reserves,
coal gasification plants in the states of I11inois, Indiana and Ohio would
appear to be economically superior to those in the Rockies."
Analysis of Coal Projections

When the projections are compared there are similarities which give
an indication of the present trend of coal development in Montana. The NGPRC's
"most probable" projections of coal development projects are very similar to
those of Montana- Energy Advisory Council's 1980 estimates. Conversion plant
projections by NGPRP are very similar to the level ofldeve1opment which
would occur if the plants which have been announced were built.

Plans already have been announced for five gasification plants and
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one synthetic fuels and fertilizer plant. An application is pending with
the Department of Natural Resources and Conservation for two additional
power plants at Colstrip (Colstrip Units No. 3 and No. 4). On the next
page is a chart of announced energy conversion facilities, coal to be
consumed, and general location. If allowed under the Utility Siting Act
of 1973, these plants demand a 62.3 million ton a year increase in Montana

strip mine coal production.



Facility

Burlington Northern
synthetic fuels plant

Northern Natural Gas--
Cities Service Co.
gasification project

Colorado Interstate
Gas--Westmoreland Coal
Company

Colstrip units No. 3
and No. 4

ANNOUNCED CONVERSION PLANTS IN MONTANA

Location

Northwest of Circle,
McCone County.

Southeast Montana

Southeast Montana.

Colstrip, Rosebud Co.

Capacity & Coal Consumed

Daily production ammonia,

methanalmethy fuel and
synthetic diesel fuel
Coal-13.0 million tons/
year.

4 standard synthetic
natural gas plants.
Coal-approximately 40.0
million tons/year.

One standard synthetic
natural gas plant, 9.3
million tons/year

700 megawats apiece;
1400 total (included in
1980 MEAC estimates)

Status

State has received
applications for water,
first part be constructed 2
years--whole project by five
(may not need Utility Siting
Act approval)

Construction could start in
1976-1977, operating 1979-
1980.

Colorado Interstate has an
option on 300 million tons
of coal and 10,000AF water
for project.

30 per cent of power for
in-state use; application at
DNR--recommendation to be
made on or before 1/31/75.

()q
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THE DEMAND FOR WATER

Energy Conversion and Agriculture

The mine-mouth coal conversion* industry in the state will have a direct
impact on future water suppliesin Eastern Montana. The coal conversion industry
has yet to open a plant in Eastern Montana, but one plant is being built and
others have been announced. Extensive coal conversion, because of its massive
demand for water, would prevent significant growth of irrigated agriculture in
Montana west of the continental divide. The question is, what level of indus-
trialization would be compatible with future growth of agriculture. Are four
power plants too many? Eight? Sixteen? There are limits to the policies which
may be enacted to influence future water uses in Eastern Montana. And some
decisions already have been made -- the federal government has contracted for
delivery of water for coal-related industry. This section of the study iden-
tifies tradeoffs which may be made pursuing various levels of agricultural and
industrial development.

Federal and State Water Policies and Status

Federal and state agencies can have great effect on water uses in Montana.
The federal Bureau of Reclamation can determine for what uses the water can be
sold from its dams and projects. Also, with consent of Congress, it can build
additional dams, regulate stream flow, limit water availability and make water
allocations. Under its "Industrial Water Marketing Program" the Bureau of
Reclamation quietly sold 708,000 acre-feet of water and has files of requests
from energy corporations for an additional 1.8 million acre-feet of water for
use in the northern plains region (Montana, Wyoming, and North Dakota). The

Bureau has conducted a number of studies such as the Montana-Wyoming Aqueduct

*Conversion of coal into other forms of energy, i.e. electricity, and synthetic
natural gas and oil.
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Study, Report on the Resources of Eastern Montana Basins, and the Water Work

Group Report for the Northern Great Plains Resource Program (NGPRP), which have,

to varying extents, studied potential supplies of water for coal conversion facili- %

ties. The State through the Department of Natural Resources (DNR) has jurisdic-

tion under the Water Use Act to allocate water for agricultural, municiple, and

industrial uses. The 1974 Legislature directed DNR to suspend action on water
appropriation requests in the Yellowstone Basin under the Act for three years.
The suspension affects primary requests for industrial diversion and impoundment
and directs DNR to adjudicate existing water rights. Meanwhile, state agencies
(and other political subdivisions of the state) can make reservations of water
for future uses. These two acts give Montana some control of future water use
for industrial coal development, but federal water policy not subject to state
control may outweigh any state influence.

Federal Policies

In 1967, the Bureau of Reclamation began selling water for energy conver- b
sion from three reservoirs, first from Yellowtail Unit (near the Montana-Wyoming
border) and later from the Boysen Unit (Wyoming) and Ft. Peck (Montana). These
reservoirs were not originally intended to provide water for industrial purposes.
A quotation from a December, 1967 Bureau of Reclamation memorandum concerning
a soon-to-be executed contract for water from Yellowtail Reservoir gives some
reasons for the policy change:

In view of the vast coal deposits in the area and the interest from
commercial firms in obtaining a reliable water supply to develop
petrochemical industry from these resources, and the fact that a

large part of the conservation space of 614,000 acre-feet for hydro-
generation is excess to irrigation and other project requirements

the cost of Yellowtail Dam and Reservoir was reallocated using
industrial water as one of the purposes. Studies confirm that a firm
industrial water supply slightly in excess of 200,000 acre-feet would
be available after allowances for anticipated and planned future
irrigational development above and below the reservoir. (our emphasis)
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By May, 1971, when the Bureau finished signing contracts, it had sold
393,000 acre-feet more than it had planned to sell when "anticipated and future
irrigational development" was still a factor. The total sold from Yellowtail,
Boysen and Fort Peck Reservoirs was 708,000 acre-feet of water. In addition,
pending requests for industrial water total more than 1.8 million acre-feet.
The Bureau of Reclamation has estimated that more than 1.3 million acre-feet
of the total was either contracted or requested for use in Montana. (See Appen-
dix A)*

The sales contracts under this program provide that water be put to a bene-

ficial use by the contractor (energy corporation) for industrial use only. Signed

water contracts allow delivery of water anytime after the date of execution. Other
contract provisions affecting coal conversion development allow substantial changes
to be made in water delivery on the 10th year after the contract has been executed,
and require air and water pollution controls on conversion facilities using this
water. The industrial user must request initial delivery of the water before the
10th year of the contract or it will be terminated. Termination of the contract
also follows when water isn't used for three years after intial delivery request.
The Bureau may 1imit the maximum amount of water to be delivered to that amount
which is being used on the 10th year of the contract.

The Bureau is now considering a number of strategies to supply water for
various levels of industrial development. Under the Northern Great Plains Re-
source Program (NGPRP), federal interagency study of coal development in the northern
plains region, the Bureau examined water availability according to three energy
development scenarios. It then examined the actions that would be required to
supply water for these levels of development. (The NGPRP energy scenarios and

water availability are discussed after State Policies.)

*Appendix A not reproduced for review draft.



State Policies bo

A number of applications for appropriations have been filed by energy com- ;
panies for state-controlled water. (This would include all water not now con-
trolled by federal agencies; presently those not related to federal reservoirs
or projects.) The total of these applications is 787,450 acre-feet per year,
generally for coal conversion facilities. Unlike provisions of federal contracts,
these state appropriation requests could be used for irrigational, municipal and
domestic uses as well as for energy plants. Because none of the appropriations
has received approval, there is no sure way to know how the water would be used.
(See Appendix B*for state appropriation requests.)
Approval for these applications must wait for expiration of the three-year
water moratorium. Meanwhile, DNR is studying the Yellowstone River Basin to
determine existing water rights to water and the amount that must be reserved to
protect existing agricultural, recreational and municipal uses. Under the Water
Use Act, these reservations can be made by agencies of the state or its political -
subdivisions. For example, the state Department of Fish and Game has requested
a reserve of water in the Yellowstone Basin to preserve its fish, waterfowl and
wildlife capabilities. State water policy in the face of impending coal develop-
ment appears to be "wait and see" until the water moratorium expires or a replace-
ment policy is devised.

Industrial Water Demands

Future water demands have some relation to present NGPRP energy development
scenarios, pending state appropriations, and federal Bureau of Reclamation water
contracts and requests. The executed federal water contracts show industry's
serious interest in coal conversion in the state. So far, corporations have paid
$603,000 (50 cents an acre-foot per year; a total of $114,000 a year) to retain

the federal water options. It is reasonable to assume that industrial leaders

*Appendix B not reproduced for review draft
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intend to profit by the use of these waters as far as federal and state energy
policies permit.

Three energy development projections are offered by the NGPRP. These three
were developed as a basis for a coal development program, but there has been strong
official criticism of their validity. The report of the NGPRP's Water Work Group
described two kinds of industrial facilities, coal fired power plants and coal-
consuming synthetic gas plants. It is assumed that each 1,200 megawatt steam-
generating electrical plant would consume 23,000 acre-feet of water a year for
cooling purposes. It is also assumed that each gasification plant, able to pro-
duce 250 million cubic feet of synthetic natural gas per day, would consume 30,000
acre-feet of water per year. (For comparison, Colstrip Units No. 1 and No. 2
(producing 700 megawatts) are planned to consume 4,000 acre-feet a year)

According to the NGPRP (see Appendix C*), coal development could occur
at "base," "most probable," and "extensive" levels.

In Montana, the "base" level would include four in-state 1,200-megawatt power
plants, together requiring 92,000 acre-feet of water a year. The "most probable"
Tevel of development would include four 1,200 megawatt power plants, and six coal
gasification plants, requiring a total of 272,000 acre-feet of water per year.

The "extensive" level of development would include three 1,200 megawatt power
plants and 15 gasification plants, and would require 519,000 acre-feet of water a
year altogether. With the extensive development, there also would be a new popula-
tion migration, to seven counties in Eastern Montana, of 127,000 people. New muni-
ciple water requirements would be 27,500 acre-feet per year. This would up the
total water requirement, in this scenario, to 546,000 acre-feet a year.

*Appendix C not reproduced for review draft.



Summary of NGPRP Energy Development Projections

Level of Deve]qp@ent Conversion Facilities Amount of Water (Acre-feet
per year)

Base 4 power plants 92,000

Most Probable 4 power plants 272,000

6 gasification plants

Extensive 3 power plants
15 gasification plants 519,000
plus new Pop.'s municipal
water requirements 546,000

Although it uses the phrase "extensive development" to categorized the
potential consumption of 546,000 acre-feet annually to feed power and gasi-
fication plants, the NGPRP report may represent a serious underestimation of
industry intentions. Ignoring for a moment the fact that the Bureau of
Reclamation has earnest industry requests for 1.3 million acre-feet of water
designated for withdrawal and use in Montana, the Bureau has nearly enough
sold (228,000-acre feet) to satisfy the "most probable" scenario of the NGPRP--
and easily so if the fair assumption is made that that industry has overestimated
its needs.

As for the earnest industry requests: if they were granted (here ignoring
the environmental and economic impacts of the decision), industry would have
available twice as much water as would be required to satisfy the demands of
energy conversion plants in the "extensive level of development" scenario of
tomorrow. And the applications for federal water, it will be recalled, are
only part of our story of industrial thirst: the state has been asked to
allow another 787,450-acre feet in withdrawals.

Clearly, NGPRP development projections fall far short of indicating the
possible extent of future energy-development water demands and also fail to
point out that the "most probable" future could be an assured reality today

even with no further action by state and federal governments on industrieal water



requests.

Summary of Firm Contracts and Requests (Federal)
and Applications for Appropriation (State)
Compared to NGPRP Energy Development Scenario for Montana

Agency Acre-feet per Year Requirements to fulfill
NGPRP Developments
Bureau of Reclamation Base Development--
(Federal) (less than % of
contracted water)
contracts executed 222,000 Most Probable-272,000
request pending 1,087,000
SUBTOTAL 1,315,000 Extensive-519,000
Department of Natural Actual Grand Total is
Resources (State) slightly more than 4
request for appropriation 787,450 times extensive development
GRAND TOTAL 2,102,450 water requirements

Agricultural Water Demand

A number of things should be considered when discussing future irrigation
requirements in relation to coal development. First, the effect of coal
conversion water requirements must be viewed as a basin-wide problem. Water
which is committed downstream by appropriations cannot be Tegally used upstream.
Second, any promise of water for coal-related industrial development should be
viewed as at least a 40- to 50-year commitment. A mine-mouth electrical generating
facility has an estimated life-span of 37 years, for example. Only if the plant
were not replaced would the water be available for other uses. Third, energy
development's water withdrawals may cause difficulties for any irrigation project
because massive withdrawals would reduce surface levels of waterways.

The bulk of agricultural use of surface water in Upper Missouri River Basin
is for irrigation. 1In determining future irrigation water demand, four
variables must be considered: potential arability of the land according to
soil capability and topography; proximity of water to this land; water requirements

for its irrigation, based on crop needs and irrigation efficiencies; and lastly,



the market conditions for agricultural products, which determine whether new
land can be opened economically to irrigation. Government agencies concerned
with water resource development have disparate estimates on the acres of land
that could be irrigated economically within the criteria listed. Any estimate,
however, is more likely as not to inflate as the world demand for food grows
with population and the prices hungry people are willing to pay. The state
Department of Natural Resources estimates that probably 500,000 acres in the
Yellowstone Basin will be irrigated someday. The Bureau of Reclamation, however,
estimates that new irrigation development in the Morthern Plains region will not
exceed 100,000 acres. There are other projections; all can be related to
Montana's potential future in coal development.

To determine the amount of water needed for future irrication developments,
cropping patterns and the efficiency of water delivery systems must be estimated.
It will be assumed that future irrigated lands will have cropping patterns
like those of today and that the future delivery systems will be as efficient
as those now in operation..

Based on what we (DNR) know about cropping patterns and consumptive

water requirements for different crops, an average of approximately

1.47 acre-feet per acre per year is consumed by these crops. Infor-

mation on irrigation and deliver system efficiencies indicate a

diversion requirement of approximately 5.00 acre-feet per acre
year. (our emphasis)

Approximately 50 per cent of this diversion requirement is returned to the
river system as a return flow, but "information on the time and location on
availability return f10wa0r reuse is not predictable with current technology.
A1l that's known is its later and downstream."

The Department of Natural Resources (DNR) has classified over 2.1 million
acres of land as potentially irrigatable in the Yellowstone Basin. "This
classification is based only on soil and topography as to the ability to sustain
continued agriculture. It does not consider water supply, accessibility or

economics. However, we know all of it will never be irrigated so we are)

assuming an additional 500,000 acres of irrigation (would) be a more probable



figure." According to DNR, water requirements for potentially irrigable
Tands in the Yellowstone Basin would be approximately 2.5 million acre-feet a
year. Of this 2.5 million acre-feet of water, 1.25 million would flow back
to the river.
The Missouri River Basin (MRB) Comprehensive Framework Study, written
by a federal inter-agency task force, estimated that more than 1.3 million
acres in the Yellowstone and Upper Missouri River Basins will be irrigated
between 1970 and 2020. The bulk of this irrigation demand is projected to
occur between now and 2000. Projecting from the diversion requirement of
5.00 acre-feet per acre per year, more than 6.5 million acre-feet of water
would be demanded for irrigation if MRB's forecast came true. In a dry year
(there is a 50 per cent chance of this in any year), total demand would jump
925,130 acre-feet to a grand total of more than 7.4 million acre-feet a year.
Another federal inter-agency task force, the Montana State Study team
for the Western U.S. Water Report, disagreed with the MRB probable irrigation
figures. "It is doubtful that 1,000,000 acres could be economically developed
in the State of Montana in the future. Half that amount would be more realistic.
Potential developments in the amount of 487,000 acres have been specifically
identified." Using present information about average irrigation water demand,
over 1.7 million acre-feet of water would be needed to supply this level of
development. With additonal demand for a dry yvear (50% chance of occurring)
the total demand would be a Tittle less than 2.0 million acre-feet per year.
The Northern Great Plains Resource Program (NGPRP) does not consider the
future irrigation development outlook to be promising. As the water work
group report of the NGPRP put it, "under existing project formulation criteria,
there are essentially no (irrigable Tand) units which meet federally-funded
economic justification within the Yellowstone Basin." They determined that
there will be "some amount of private and state-assested irrigation in the future,

but it is not expected to exceed 100,000 acres." (This fiqure is for eastern



Montana, western North Dakota, and northern Wyoming.) What is considered

as unjustifiable for economic development today,may be good business under
market conditions 20 or 30 years from now when energy conversion plants built
in this decade would still be consuming prodigious quantities of what miaht
have been irrigation water. Applying DNR's figures for crop requirements and
water delivery systems to Bureau of Reclamation's conservative estimate,
however, reveals that even a moderate amount of irrigated land in the Northern
Plains would require approximately 500,000 acre-feet of water per year. In the
case of a dry year ( one in every two) the diversion expands 71,000 acre-feet
(0.71 acre-feet per acre per year) for a total requirement of 571,000 acre-feet

per year.

6()



APnag :aomatied,] 9ATSuLdyoIdwo) UTSe( JI9ATY TJINOSSTI] = TUN
AouoSy zurquol] JO 23e3S ‘UOT3rAJOSUO) DUEB SBIINOSIY Tedniey JoO quougaeda = UNd
jJ0doy weol Apniys 93eqs rvuequo)] fueld J93el *S*[) UIDRS9 — UTTJ J93e]
wedSodJ 202dN0esSdY SUTe T 3eddH UIdYJFJION = LIIDN
(0€T€526) (000€55¢) (otTf2he) (0Co‘T1L) *SjuoWAITINIOd Tensn
093 UOTATPDE
UuT DPOPOdU junouy
ocTéovy L 000°558°¢ OTT LV6°T 000°“TLS ¢Sutanodo jo
Qoueyd ¢ 0f y3TA
UOTSJIOATP TLJOL
-=Je0} LJag
000‘STS9 000°00¢ ‘¢ 000°S0L°T 000°00¢ (deohk aoad oaoe aad
J93eM JO 1399J=0J0YV)
DOITNDOY UOTSJIOAT(
0C0°E0e T 000‘00¢ 000°TV¢E 000°C0T 070 -3uosoad
fspueT 9T7qeSTJaT
ATTeTqu930C JO S940Y
(e203e( Y3JION UIDQSO
(sutseq JOATJ (euegquory (eugjuol{ UT surseq ¢ JuTtwoL;y ualsyjzaou
SQUOQSMOTT9X pue —=uTseq JOATJI JIOATJI SUO]3SMOTI®X fpuequol] UIO]SED
TINOSST]] J9dd() QUO]SMOTT2X) pue TanossT]y Jdoddp) ==UOTJoad Teo0Dd)

M dNd ueTd J93ep UII]SOM JIJIDN PAaJIIPTSUO]) ©3IY

SU0L329l044 puewd(q 433eM uoLjebiad] auning ;0 Adewwns




6o
Water Availability

The Northern Great Plains Resource Program's Water Work Group Draft
Report states that, "industry could obtain something in excess of 3 million
acre-feet annually in the Upper Missouri Basin (includes Yellowstone) without
conflicting with other needs, providing adequate new storage is developed
Lo support the necessary diversions and providing that aqueducts are
constructed from points of water availability to points of use." This estimate
allows for 500,000 acre-feet of water for future irrigation use.

[f coal development can be 1imited to the extensive level of development
then there would be no need for building storage dams. However, a rather
extensive aqueduct system would have to be built to transport water across
various regions of the state and to Wyoming.

The moderate scenario could be approximated while allowing for only
100,000 acres of new irrigation development in the Yellowstone Basin, and
still not require storage dams. Any limitation of water supply to potential
irrigation areas should be seen as a 40-year commitment.

Following is a summary of the total water demand given various levels

of irrigation and coal development.
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PETROLEUM

CuCI'ves
lontana's crude oil proved reserves (as of January, 18978,
totaled 334 million barrels, less than one ner cent of total
o 1 . : in o
Ce3s recoverable reserves. llost of the o0il is found in:

1. Williston Basin

2

2. Eastern counties (Big lorn, llosebud, Powder River,
Carter, Yellowstone, lusselshell, Petroleun:, and
Carfield).

(%)

“J s 4

and Teton).,
I'he Montana Board of 0il and Gas Conscrvation coustimantes
that only a small portion of the total oil rcsource o been

Ciscovered., Increasing prices of domestic crude and new taze:

[0

on Canadian cruce will tend to encourage cixplorctory activiby

in tle state.

“roduction

Seais e L

Troduction of petroleuwn in lontana steadily inciycase!

sealk of 48.5 million barrels in 1968 with the 1967 discovery

2
-

i Lhe Dell Creel: Fiecld,” By 1972 roduction had Jecline: Lo
.0 million barrcls (mainly the result of 'cereasins ro'uction
3
of Tiser Ridge Field)V lontana produccs aboul once or conl of
4
JeSe crude zetrolcuiie”
l'ontana has nine oil rcfineries, three of wiiicii arc in

e 3illings area. Table I* shows the location and crude cajacilt

+

of the refinericse.

*Tables and figures follow taxt of section.

« DNorth-central countics (Toole, Clacier, Lilerty, l'on’cra

~J



Of the 48.5 million barrels of cruce refined in lontana
in 1972, 9,0 million barrels (18.7 per cent) were indigenous,
13.7 million barrels (28.2 per cent) were importec from Canada,
and 25.8 million barrels (53.1 per cent) were imported from
\‘-'yoming.5 In 1973, 19.2 per cent of the crude refined was
indigenous, 31.13 per cent Canadian and 49.85 per cent from

Wyoming., There is no Middle Eastern or South Anmerican crude

0il refined or sold in Montana.

Transgort

Lost Montana crude is transported from the field to the
refinery by pipeline, although some moves by tank car, truck,
or rail. Wyoming and Canadian crude is transported to Montana
by pipeline.,

Tables IT and III show the 1968 pipecline mileage data for
lontana and 1972 refinery receipts of crude by transportation
node .

TABLE IT - PIPELINE MILEAGE DATA (1968)

Crude gathering lines 020 miles
Crude trunk lines 1,199 miles
Refined products lines 674 miles
TOTAL - 2,499 miles

Source: U.S. Petroleum Facts and Figures, 1971 Edition (American
Petroleum Institute).

TABLE ITII - 1972 REFINERY RECEIPTS QF CRUDE (million barrels)

Domestic Intrastate Pipeline 12,06
Tank Cars and Trucks o7
Domestic Intergtate Pipeline 16.4
Foreign Pipeline 11.5
TOTAL 41.2

Source: lineral Industry Survey, Jgnuary 1973 (U.S. Depart-
ment of the Intepior).



Consumption

Consumption of petroleum in Montana has been gradually

increasing since 1960 (See figure 2) ~
Consumption of petroleum by the transportation sector is

the largest use in lontana and has a growth rate of 1.92 per

cent per year.6 The use of gasoline for automobiles is the

7

largest single use of petroleum products in Montana, Not
only have the number of Montana registered vehicles been in-
creasing, but also the average gasoline consumption per auto-
mobile has been increasing (due to larger vehicle size, weight,
and horsepower).

The automobile is the major means of transportation in
the state. With sparse population and isolated urban areas,
Montana's potential for mass transportation is limited. The
trend toward increased use of the automobile as the basic mode
of transportation has been encouraged by land use patterns
in lontana (suburban housing developments, vacation homes,
automobile-oriented central business districts). In 1972,

i
i

5245 trillion BTU were used by gasoline powered vehicles on

Q
. )
tlic state's highways.'

Rail is an efficient mode for transport for passengers
and freight. See Table IV for cecnergy efficiency comparisons
for different modes of transportation. The total use of diesel

. . ! 10 N
fuel by railroads in 1972 was 10.57 trillion BTU, In 1972

six railroads in liontana were providing freight service.
Burlington Northern and Chicago, Milwaukee, St. Paul and Pacific
per cent of the freight in lontana (based on ton

niles traveled .11

carry




75
ibe dationa) Railroad Passenger Corporation (Amtrak) pro-
vides tLwo cast-wvest passenger trains in the state., On the
northern route, tlhie Empire Builder provides caily service.
About 18 per cent of the train's passengers boarded or debarked

12
in l.ontana, The southern route, the North Coast liawatha,
which used to provide only tri-weekly service, has begun daily
scrvice experimentally. About 38 per cent of its passengers
, . ; . 13
boarded or debarked in Montana.,.

The main rail lines of the state are shown in Figure 4,

In 1972, trucks and buses in Montana consumed 8.82 trillion
BTU of diesel fuel; off-highway uses such as farm machinery

S R 14
consunied an additional 2,81 trillion BTU,

The purchase of aviation fuel in Montana has fluctuated
but the general trend is an increase in consumption, Airplanes
. Y AL B sy i . : y : 5 15
purciiascd 4.5 trillion BTU of fuel in Montana in 1972,
Increascs in the number of registered general aviation aircraft,
cnd neavier coniercial traffic at commercial airports have
contributed to increased aviation fuel consumption,

The usc of petrolewn for non-transportation uses is in-

. 16
creasing at a rate of 0.4 per cent per year., The slow growth
rate is the result of the decline of o0il as fuel for home heating
anc increased industrial use of oil for fuel and lubrication.

In 1960, 38,444 homes used fuel oil or kerosene for heating
11 AT 1 ] 1 b} c 17
and by 1970, this had decreased to 29,950 homes. Sales of
heating oils decreased from the 1962 peak of 2,09 million
18

barrels in 1908, During this same period, industrial uses

of o0il for fuel and lubrication increased.



Table I

Location and Crude Capacity of Montana Oil Refineries

Name barrels/calendar barrels/stream
day day
Big West Oil Co. - Kevin 4,867 5,500
Continental Oil Co. - Billings 45,500 48,000
Diamond Asphalt Co. - Chinook ' N/A 1,000
Exxon Co. - Billings 45,000 49, 000
Farmer's Union Central Exchange - 30,000 33,000
Laurel
Jet Fuel Refinery - Mosby 1,000 N/A
Phillips Petroleum - Great Falls 5,700 N/A
Spruce Oil Corp. - Wolf Point 2,500 2,475
Westco Refining Co. - Cut Bank | 3,982 4,500

Source: Oil and Gas Journal, April 2, 1973,
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TABLE IT

Montana Motor Vehicle Registration

Passenger cars
Trucks
Personal Trailers

lMotorcycles

TOTAL

286,100

Source: legistrar of lMotor Vehicles,

Deer Lodge, lontana,



Table I

Montana State Air Carrier Airport
Enplanement Forecast?
(Thousands of persons)

Average Annual

% growth
1970-92 1970 1975 1982 1992
7.6 Billings 157 227 478 984
8.8 Bozeman 22 34 72 141
5.9 Butte 39 49 76 131
7.9 Great Falls 130 195 345 700
6.9 Helena 23 31 53 97
12,0 Kalispell 8.2 12.9 28 88
6.9 Missoula 38 52 89 162
12,0 West Yellowstone 3 9 19 59

3Enplanements only are shown, not arriving passengers.

Source: Montana Aeronautics Commission, Worthie Rauscher.



Table IV

. : . . . J: |
Lner gy CLfficiency in Ironsportation (1972)°

Freight - Inter-city

Mode ‘ BTU/ton-mile
2ipeline 250
waterway €80
railroad 670
truck 2,800
airplane 42,000

assenceor - Inter-city

Pode BTU/passenger—imilce
bus 1,600
railroacd 2,900
autonoizile 3,400
air;:lane 8,400

Passenger - Intra-city

l.ode BTU/nassenger niles

————— e e -
bicycling 200
walking 300
bus 3,800

automobile 8,100
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Table IV

Energy Consumption in Montana
Transportation Systems, 1972
Transportation Mode 1012BTU
Gasoline-powered vehicles ' 52. 50
Diesel-powered trucks and buses 10. 57 '
Railroad 8. 82 :
Air 4.50
TOTAL 76.39 |
i
Source: Mineral Industry Surveys: Sales of Fuel Oil in 1972; and Montana !
Department of Revenue 1972 tax statistics,

'Fig-u.re 4 - 1971 Montana Motor Fuel Consumption by Month

salluses

s0 TTTT N wey 43¢ motals 491 million
for all gallons
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million
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Table V shows consumption of petroleum by refinery type tor non-

transportation uses.

Table V

Montana Non-transportation Petroleum
Energy Consumption (1972)

Type of Energy Content

Petroleum (1012 BTU)

Kerosene 2.18

Distillate type oils 13. 02

Residual type oils 9.23

LPG 6.77 (1969)
TOTAL 31. 20

Source: Bureau of Mines 1972 Mineral Industry Surveys.




NATURAL GAS 84

Natural gas found with oil was flared before extensive pipeline and
storage facilities for natural gas were developed. The convenient, clean-
burning fuel then moved into the markets of other fossil fuels; consumption
was encouraged by the low FPC-regulated wellhead prices. While consumption
increased because of the flexibility, convenience and low cost of natural gas,
development of new gas reserves lagged because of increased exploratory drilling
costs and the low wellhead prices.

Reserves

Although gas reserves are not as abundant as coal in recoverable BTUs
there are considerable gas reserves in Montana. Estimated proved gas reserves
in Montana total two trillion cubic feet.l The Montana Board of 0il and Gas
Conservation estimates that the total recoverable gas resource may total
between six and ten million cubic feet.2 Table I estimates recoverable

proved gas reserves for the U.S. and Montana for the Years of 1960 and 19'70.3

TABLE I -- RECOVERABLE PROVEN GAS RESERVES
(Billion Cubic Feet)

1960 1970
Montana 626 1,100
United States 263,759 290,746

The ultimate storage capacity of gas reserves in underground storage wells in
1971 was estimated at 213 billion cubic feet-u

Production

Montana has six natural gas processing plants. Natural gas production



_ \ Bu
over the past 20 years has been variable, depending upon such factors as
exploration successes, the availability of Canadian gas, demand, and
federal regulation. Figure I*shows marketed natural gas production from
1960 to 1971. The increase in production in 1970 was a result of the dis-
covery and development of the Tiger Ridge Field. Montana power now makes
loans to producers to encourage drilling in Montana for natural gas.

Production had gone down from the 1971 high, but now production and ex-

ploration have again increased. Almost 58 billion cubic feet of natural

gas was produced in Montana in 1973.5
Wellhead prices for gas in interstate commerce are regulated by the

Federal Power Commission. The regulated prices are determined by cost

plus a reasonable profit margin and allow consumers to receive gas at rates

lower than the free market price.

Consumption

Since 1930 Montana has annually consumed more gas than has been re-
covered. Only one out of every 14 wildcat drillings in 1972 was a producer.
Figure 2 shows the relative consumption, production and import of natural gas
from 1960 to 1971. In 1972, 77,348 million cubic feet of natural gas were
consumed in Montana.

The two major gas suppliers in Montana are Montana Dakota Utilities
Company (MDU), serving the eastern part of the state, and Montana Power
Company, serving the central and western part. Rural areas without gas
service rely on bottled gas, oil, or electricity for cooking and heating.

MDU receives its gas from fields in Wyoming, Montana and the Dakotas.
Montanz Power, accounting for 70 per cent of retail gas sales in the state,

receives only 20 per cent of its gas from Montana fields. The remaining

*Tables and figures follow text of section.
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80 per cent is piped in from fields in southern Alberta because it is easier
and less expensive to import cheap Canadian gas than to develop Montana
reserves . Sixty per.cent of Montana Power natural gas is from Canadian
sources the power company has developed or purchased in Alberta.'7 Out
of state firms, however, have developed Montana reserves for shipment to the
Midwest.

The National Energy Board of Canada which has the authority to determine
established reserves, market requirements and exportable surpluses for
Canada has cut b;ck exports to Montana after finding Canadian 30-year
reserves deficient by 1.1 trillion cubic feet. The policy of assuring
future Canadian domestic supplies first resulted in decreased exports as
well as increased prices and royalties. However, additional drilling has
proven enormous reserves of gas in the MacKenzie Delta and Artic Islands,

S0 there is some optimism about being able to obtain future gas supplies
from Canada.

The consumption of gas has increased in all sectors of the economy.
Because of the low cost and convenience of gas heat, many Montana homes now
use it instead of coal, wood or oil heaé. In 1950, 43 per cent of Montana
homes were gas heated. By 1970, 73 per cent of Montana homes were gas
heated.8

Industrial use of gas is growing at a faster rate than residential
use in the state (Figure 3). Table II shows the quantity of gas used by
different sectors of the Montana economy. The Anaconda Company is the
largest user of gas in the state; in 1972, it consumed 12,649,000 million
cubic feet (MCF) for its operations at Butte and Anaconda ang another

515,000 MCF at its Columbia Falls aluminum plant? The new Arbiter copper



reduction plant at Anaconda will use an additional 1,824,000 MCF per year
when it begins operation.lo The second largest user of natural gas is the
Hoerner-Waldorf Corporation paper plant near Missoula. This plant used
4,428,000 MCF in 1972.11 A new plywood plant in Bonner, now being con-
structed by Champion-International's U.S. Plywood Division, and a pro-
posed 50 per cent expansion of Hoerner-Waldorf will also use large amounts
of natural gas,

Some additional requests for industrial natural gas have been denied
by Montana Power Company because of the uncertainty of receiving additional
Canadian gas.

The generation of electricity consumes only small amounts of natural
gas in the state. MDU operates a 20 megawatt turbine near Miles City for
reserve electricity which uses natural gas. Small amounts of gas are used in
the coal-fired J. E. Corette plant in Billings for flame stabilization.12
Montana Power's Frank Bird plant can be run on either gas or oily but due

of the scarcity of natural gas, is fueled by oil.

Transportation

Montana has a total of 6,130 miles of gas utility main pipelines, in-
cluding 1,150 miles of field and gather pipelines, 2,730 miles of trans-
mission pipelines, and 2,250 miles of distribution pipelines.13

Northern Natural Gas Company and Montana Power Company both have gas
pipelines to Montana from Canada. MDU has a pipeline from North Dakota and

Wyoming.

Imports and Exports

Montana does export some natural gas but is a net importer. Imports
of natural gas have steadily increased from 21.2 trillion BTU in 1960 to

61.2 trillion BTU in 1971.1% (See figure 2)
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Table IT

Quantity and Value of Natural Gas Delivered
to Montana Consumers: 1972

Quantity (million) Value (thousands
cubic feet) of dollars)

Residential 23,1787 22,978
Commercial 16,521 11,416
Industrial 33,192 12,679
Electric Utilities 1,218 418
Other Consumers 2,630 1,273

i

i \ 77,348 48,764

Source: Bureau of Mines Mineral Industry Surveys, 1972.
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OIL AND NATURAL GAS EXPLORATION POTENTIAL IN MONTANA

5
Future oil exploration potential in Montana depends on regional trends

in o0il and gas production. Location of Alberta oil fields to the North tend

to be aligned with those of the Wyoming, Colorado and Utah fields to the

South, but there appears to be a Montana continuity readily observed in the

Rocky Mountain Region Oil and Gas Field Map, published in the April 1974 issue,

Western 0Oil Reporter*.

Favorable geologic basins are analogous to those of adjacent states,
are in Montana. Most of the inexpensively-drilled, shallow geologic structures
and potential oil traps have been drilled in Montana.

The Rocky Mountain states are known for their generally small geologic
structures and traps, some occurring at great depths. Although some of these
are still being explored in Montana and adjacent states, most current domestic
exploration drilling activity is on the United States Continental Shelf areas
where large reserves are likely in single pools. Continental Shelf exploration
is risky; costs are high. But the anticipated profits also are great. For
these reasons, only limited amounts of risk capital have been available for
exploration activity recently.

Only in the Williston Basin has Montana's deep-0il producing potential
been well tested. Deep tests are expensive, requiring a favorable business
climate. Deep tests can reveal significant new reserves, which could yield
volumes of oil and gas exceeding previous discoveries in Montana. Virtually
untested geologic basins of the southwest and northwest Montana also could
yield sizeable new oil and gas reserves. Exploration activity in large areas
of central and northern Montana also could likewise lead to sizeable new oil

reservesSe.

* Included here with permission of Mr. Donald Hart, Publisher.



Expanded use of secondary and tertiary oil recovery techniques easily
could yield new reserves equal to those already produced to date in Montana.
Because of Montana's untapped oil potential, a conservative estimate

of potential developable reserves exceeds 2 billion barrels of oil and 2,500

billion cubic feet of natural gas. Such development would require new ex-

ploration and production incentives, however.

I
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ENVIRONMENTAL IMPACTS OF OIL AND GAS

Exploration and Production

Exploration for o0il and gas can cause temporary land disturbances.
Significant problems are blowouts which can result in the escape of o0il or
gas, air pollution resulting from the flaring of "sour" gas or burning oil
in waste pits (most reject gas which used to be flared is now reinjected into
the well), potential ground and surface water contamination resulting from the
disposal of brines which are sometimes produced with o0il (this problem may be
solved by removing the salts from the water before disposal), and disposal of

solid wastes (e.g., drilling muds).

Refining and Processing

The refining of crude oil or the processing of natural gas could pollute
water, air, or soil, but most plants have adequate environmental pollution
control equipment installed. Some solid and liquid by products (especially
sulfur from gas processing plants) are potential environmental problems
because they are corrosive or toxic and could be leached into the environment.

These problems, however, can be controlled.

Transportation and Storage

A chief environmental problem associated with the transport of natural
gas and petroleum has been the possibility pipeline ruptures or leakage. 0il
spillage may contaminate surface waters and possibly hurt aquatic life; gas
from pipeline leaks or breaks evaporates quickly but poses a significant fire
hazard. Pipelines may interfere with wildlife migration patterns and water
drainage. Stored oil and gas, of course, is always a fire hazard, and threatens

the same impacts as transported fuel in the event of a leak,
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OIL SHALE

One source of petroleum is oil shale, a fine-grained, compact sedimentary
rock containing an oily substance called Kerogen. Formed from aquatic life
(algae, spores, and pollen grains) and mixed with inorganic components of the
shale, Kerogen is petroleum formed at inadequate pressure and temperature.

Unrefined oil shale has a variable composition, but in general has more
nitrogen and less hydrogen than petroleum. 0i1 shale can be refined to yield
fuel oils, diesel fuel, gasoline, jet fuel, and liquified petroleum gas (LPG)
as well as oil by-products.

0i1 shale yields at least 10 gallons of oil per ton or rock; most developed
deposits yield between 25 and 65 gallons per ton.1

The U. S. has the world's largest oil shale deposit. Brazil has the second
largest and China, USSR, Republic of the Congo, Germany, Italy, England, France,
Sweden, Canada and Theiland have substantial oil shale reserves.Z The most
extensive and valuable U. S. oil shale reserves are found in Green River Formation
in Colorado, Utah, and Wyoming.3 The shale deposits in this formation cover about
16 million acres, some of them as deep as 7,000 feet. Most of the high-grade shale
is found in the Piceance basin of Colorado which contains 80 billion barrels of
recoverable shale o0il. The shale deposits are more than 30 feet thick and have an
0il content of about 30 gallons per ton.?

Very small and scattered oil shale deposits are found near Lewistown. Some
have a yield of o0il as high as 70 ga11ons/ton.5

Converting oil shale to petroleum-analogous products is not yet commercially

feasible although there have been experimental oil shale plants in operation for

some time. One of the most promising methods is the Toscoll process.6 The oil
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shale is mined and crushed to half-inch pieces, preheated with hot flue gas, and

mixed with hot ceramic spacers in rotating drum. The Kerogen is converted to
hydrocarbon vapor by heating the crushed or to 900°C. The vapors are then drawn

off, condensed and treated in conventional 0il processing units. The ceramic

spacers recycle to a heater. The processed shale is cooled, moistened and transferred
to a disposal site.

The resulting crude 0il is processed at regular oil refineries into gasoline,
jet fuel, fuel oil, liquified petroleum gas and oil by-products. It can be pro-
cessed to remove sulfur and nitrogen to produce high grade fuel 0il or high quality
raw material for natural gas production.

There are serious problems with shale o0il--reclamation of shale waste-disposal
areas and the high water requirements for the distilling process. About half of
the water used in 0il shale processing is sprayed on spent shale to keep the piles
from eroding or blowing away. Runoff can be highly saline, making it unfit for

irrigation or municipal consumption and perhaps a threat to wildlife.
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HYDROELECTRICITY

Montana's extensive river systems have provided numerous hydroelectric dam
sites for Bureau of Reclamation, Army Corps of Engineers, and private utilities
development. Hydroelectric facilities still account for about 85 per cent of the
generating capacity of the state (See Table I in Electricity Section). However,

when Colstrip Units No. 1 and No. 2 are completed in 1976, the figure will drop

e b3

to 66 per cent, even if Libby dam's generators are in full operation by that time.

Developed water power capacity in Montana totaled 1512 megawatts in 1968.]

This was 43.2 per cent of the hydroelectric capacity of the Rocky Mountain states
and 3.11 per cent of U.S. capacity.2 Low cost hydroelectricity has encouraged
the high per capita consumption of this energy in Montana and has encouraged
energy-intensive industry.

Hydroelectric plants are relatively long lived and have low operating and
maintenance costs and do not emit neither air nor water pollution. However, the
aeration of water over spillways does increase dissolved nitrogen in the water
below which may be harmful to fish.

Unlike nuclear and coal-fired plants, hydroelectric dams do not consume
water. They can easily adjust to varying electric loads and are efficient.

If coal-fired power plants are built in eastern Montana, hydroelectric
plants will be used more and more for system peaking capacity. Peaking capacity
is defined as that part of a system only used during high electrical demand.
The amount of peaking capacity available from a hydroelectric plant depends on
operating limitations (rate and amount of change in reservoir elevations allowed
by conflicting water uses), stream flows, reservoir storage level and capacity,

and maintenance of downstream water quality and condition.

Hydroelectric capacity could be augmented by installing additional generators

at existing power plant sites, developing pumped storage facilities and constructing

dams. Adding generators to an existing site does not increase a reservoir's
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total energy storage but it can increase its peaking capacity. The possibility of
additional turbines at Kerr Dam, at the south end of Flathead Lake, and at Ft. Peck
Dam on the Missouri River is being studied by Montana Power Company and the Corps -
of Engineers respectively. The utilities have indicated, however, that they will
be looking to coal, not water, to provide the bulk of new generating capacity.
Except for increasing the capacity of existing generator facilities, there
is strong opposition to further development of electric dams in Montana. An
additional 7781 megawatts could be developed. Table II in the electricity section
shows a number of proposed hydroelectric facilities. However, Libby Dam (scheduled
to begin production by 1975) is the only major hydroelectric project funded and
under construction. One economically attractive project is the proposed Allenspur
Dam near Livingston. Those opposing construction fear loss of fish and wildlife

habitat and agricultural land, loss of the nation's longest remaining free flowing

river, forced relocation of the people, and flooding of Yellowstone Park.
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ELECTRICITY

Coordination with West Power Region

Most of Montana lies within the West Power Region which includes one-third
of the United States land area (excluding Alaska and Hawaii). Characteristic
of this region are large loads along the Pacific, long distances between load
centers, and spotty distribution of energy resources.

Montana's electric power plants are coordinated with those of other states
in the region by coordinating committees that represent utility companies.

The desire for reliable and profitable electric energy has led to interconnections
between these utilities. West Power Region utilities jointly own large generating
plants, use seasonal load diversity to share reserves, and coordinate construction
of power plants. The Montana Power Company is a member of the Pacific Northwest
Coordination Agreement (PNCA), Western Systems Coordinating Council (WSCC),
Associated Mountain Power Systems (AMPS), Rocky Mountain Power Pool (RMPP), and
the Northwest Power Pool (NWPP).

A variety of fuels are used to generate electricity in the west region.
Hydro-power has been a major contributor in the past, but steam-powered gener-
ation will become more important because remaining dam sites are scarce and
usually environmentally undesirable.

In the west region, electricity sales are accounted for this way: 34
per cent in the industrial sector, 30.3 per cent in residential and rural uses,
20.3 per cent for commercial, 5.4 per cent for street and highway lighting,
electrified transport and other uses, and 10 per cent lost in transmission.1

Power requirements for the west region show annual peaks in power use is
in December, Jammary, June, July, and August.2 Daily peaks occur midday and

3

early evening.
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Generation of Electricity in Montana

In 1970, about 87 per cent of Montana's electricity came from hydro-
electric plants (the comparable national figure is less than 16 per cent).
Conventional steam plants produced 13 ber cent of the electricity for Montana
(nationally: 82 per cent by conventional steam plants, and 2 per cent by

nuclear and gas turbine plants).5 This table summarizes the generation

picture:
Generation (1970)
(Million Kilowatt-Hours)
U.S. Per Cent Montana Per Cent
Hydro 2hk7,456 16 8,745 87
Conventional Steam 1,256,294 82 1,281 13
Nuclear Steam 21,797 1 ——— _—
Internal Combustion 6,062 1 _— -
Total 1,530,609 100 10,026 100

Source: U.S. Statistical Abstract (Dept. of Commerce) 1971.

Of the electricity generated by steam plants in Montana, 80 per cent is generated
by coal, 18 per cent by natural gas, and 2 per cent by fuel oil.6
The generation of electricity by coal is discussed in the coal section of

this report.

Generation by Fuel (1970)
¢Million Kilowatt~-Hours)

Fuel U.S. Montana
Coal 706,102 966
Fuel 0i1 182,488 14
Gas 372,884 228
Nuclear 21,979 ———
Total 1,283,271 1,208

Source: U.,sS. Statistical Abstract (Dept. of Commerce) 1971.
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Capacity

Montana's per capita electric generating capacity in kilowatts is

higher than per capita capacity in the U.S.

Capacity per capita (Kilowatts) 1968
Montana 2.6k
UsSa 1.55

Source: 1970 Montana Data Book (Planning and Economic Development Division,
Department of Intergovernmental Relations).
Montana's electricity capacity in 1968 was about 23 per cent of the Rocky

Mountain States' capacity and .58 per cent of the U.S. capacity.7

Load Centers

The largest demand centers for electricity in Montana are Butte-Anaconda,
Helena-Great Falls, Kalispell-Missoula, and Billings, with peak demands of 551,

260, 173, and 138 megawatts respectively.8

Exports

Montana is a net exporter of electrical energy. Of the 10.65 billion
kilowatt-hours of electricity generated in Montana in 1971, 9.21 billion
kilowatt-hours were sold in Montana, and l.44 billion kilowatt-hours were
exported. Some private utilities in the state must import electricity, however,
particularly during peak load periods. Montana Power Company imports up to
23 per cent of its load annually.9

Some electricity generated in the state is not connected to Montana supply
lines. There are three federal plants east of the Continental Divide including
Fort Peck, Canyon Ferry and Yellowtail Dams. The power from these three in-

stallations is marketed by the Bureau of Reclamation. Much of the power from

Yellowtail goes to rural electric cooperatives in the Dakotas. In additiongall
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the power from Washington Water Power Company's Noxon Dam in western Montana
goes to Spokane, Washington.

Montana electricity exports will rise significantly when Colstrip units
No. 1 and No. 2 are completed. Fifty per cent of the net Colstrip output (or
330-megawatts) will be exported to Puget Sound Power and Light Company.
According to Montana Power, the cost per kilowatt-hour will be less with
two units at Colstrip than with one. The proposed Colstrip units No. 2 and
No. 3 are expected to export about 70 per cent of their energy to other

Northwest Utilities.

Electricity Consumption in Montana

Historically, most electricity generated in Montana has been consumed
by a small number of energy-intensive industries. These companies consume
two-thirds of all electricity sold in the state. Largest among the industrial
consumers is the Anaconda Aluminum Company reduction plant in Columbia Falls,
which consumes about a third of all electricity used in the state. Table IV
lists other large users.

Industrial users use of electricity is growing at a faster rate than
total electricity use in the state. Figure 2 shows that total electric use
during the 1950-1972 period grew at 6.38 per cent a year while use in industry
grew by 6.8 per cent a year. The Arbiter copper reduction plant, now under
construction at Butte by the Anaconda Company, will increase the industrial
energy load by 20 megawatts.

Residential use of electricity is increasing due to new home construction,
increased use of electric heat in rural areas and air conditioning in all areas,
and increased pump irrigation by farmers. The sales of electricity by class

of customer are shown in Table V.,
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Az Table VI shows, the Northwest is the only region in the country where
summer peak loads are consistently less than December peak loads. Northwest
utilities need power to satisfy high residential and commercial demands of
winter. Southwest and South=Central U.S. utilities experience their peaks
in summer because of the great demand of air conditioning systems. It would
seem that with cross-country interconnection, fewer new generating facilities
would be needed in the Northwest if it could share loads with the Southwest or

South-Central states.
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Table I

Consumption of Energy in
Electric Generation
Montana 1971

Trillion B.T.U.

Coal 17.4
Petroleum 0
Natural Gas s |
Hydropower 98.3
Nuclear 0
TOTAL 116.8

Source: Dupree and West., Bureau of Mines, N. Great Plains
Resources Program. "National and Regional Energy
Considerations.”



Table II

Proposed Electric Generating Plants

1006

Coal Fired
Owner Name MW Capacity On-line Date
MPC et. al. Colstrip III 700 7/78
MPC et. al. Colstrip IV 700 7/79
Unassigned 500 by 1982
Hydroelectric
Agency Name MW Capacity River
Public Long Meadows 9 Yaak
Public Kootenai Falls 360 Kootenai
Public Libby Rereg Ly Kootenai
Private Buffalo 2 120 Clark Fork
Public Buffalo 4 120 Clark Fork
Public Quinn Springs 108 Clark Fork
Public Quartz Creek 104 Clark Fork
Public Knowles - 512 Flathead
Public Smoky Range 330 Flathead N, Fk,
Public Spruce Park 380 Flathead M. Fk.
Public Ninemile Prairie 92 Blackfoot
Public Allenspur 250 Yellowstone
Source: 1970 National Power Survey, Federal Power Comm.



Table III

Major Montana Generating Stations

Name of Plant MW Capacity Type Ownership
Canyon Ferry 50.0 Hydro Bureau of Rec.
Cochrane 48.8 Hydro Montana Power
Fort Peck 165.0 Hydro Corps of Engineers
Frank Bird1 69.0 Steam Montana Power

(oil or gas)
Frank M. Kerr 168.0 Hydro Montana Power
Hungry Horse 285.0 Hydro Bureau of Rec.
Morony 45.0 Hydro Montana Power
Noxon Rapids 282.9 Hydro Wash. Water Power Co.
Ryan 48,0 Hydro Montana Power
Yellowtail 250.0 Hydro Bureau of Rec.
Lewis and Clark 50.0 Steam Montana-Dakota Utilities
J. E. Corette 172.8 Steam Montana Power

(coal-fired)

Under Construction

Libby 420.0 Hydro Corps of Engineers

Colstrip 1 360.0 Steam Montana Power/Puget
(coal-fired) Sound Power & Light

Colstrip 2 360.0 Steam Montana Power/Puget
(coal-fired) Sound Power & Light

1Only occasionally operating due to high fuel cost.

Source: Federal Power Comm,., "Principal Electric Facilities North-
western Region. "
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Table V

Sales of Electricity in Montana 1971

11

Class of Service Million KWH Percent
Residential 1614 s 7
Small Commercial and Industrial 1254 w13
Large Commercial and Industrial 6079 .66
Service and Highway Lighting 53 under .1
Other Public Authorities 113 .1
Railroads 80 under .1
Interdepartmental 21 under .1
TOTAL 9214

Source: Edison Electric Institute 1971 Energe Sales--

Total Electric Utility Industry.
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TABLE VI

Summer Peak Loads Expressed as Percentage of
Peak Load for the Following December

Area 1968 1969 1970 1971 1972 1978 Forecast
Northwest 72 81 82 77 73 80
Southwest 99 105 102 104 101 108
South Central 143 151 153 146 143 146

Source: Edison Electric Institute 53rd Semi-Annual Electric Power Survey.



A0
30
S

32

2u

Trdlion
GLu

21

"

11,
F-‘J vee

Moatane Electrie: (7/

N(“ 3 enevat. ow

/45-\\¢3 (K '“on*&‘.\

‘. o® Nllf oult (/0\4)

19¢0

\

1961

/762 /9¢ 5 /969 [res /vl fser  IPew  /fe T MY /RN

)}( ar 5
Suvrcd€ I??/ ﬁ%n/knp

Bule. Bosk



114

CONSERVATION OF ELECTRICITY -
Nate Restructure
Significant electricity conservation could begin witl. =
restructuring of rates.
The bulk user of electricity pays less oser kiilowatt-hour
than other consumers. Historically, this rate structure hcs
encouraged consumption of essentially surplus cnergy, but this
practice also encouraged wasteful and even profligate enersy
use, Today therc is no surplus of power; the utilities in the
Northwest have problems meeting electricity demands now, ancd fore-
casts for shortage are coming. For this reason, ratcs that cn-
courage low-cost clectricity scem unwise. ;
W

ilate restructure of various fuels has been advocated to en-
courage industry and commercial establishments to conserve
fuel. Rate restructuring assumes that the costlier the cnergy,
the more conscrvatively industry will be in using it. This, of
course, depends upon what cconomists call the price-clasticity

of the demand. Some increase in the price of gas, electricity,

and oil will be inevitable because of the scarcity of fuels and
inflation. If the :rice increases much faster than real income,
tliere may be a dampening effect on demand. If thec 'rice of
clectricity increases slower than income increases, therc may
be increascd denand,

l.ontana's existing rate structure for elcctricity is bascd

on the preuisc of decreasing marzinal costs. &8s nore clectricity
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is sold, this »remise holds, the average cost per lilowatt-liour
of maintaininz the nower nlant is decreasecd,

The premise and its conclusion are no longer vali<, however.,
Secause of hicsher costs for labor, capital goods, scarce resourccs,
interest rates and environmental protection, new power plants arc
beconing incrcasingly more expensive to build. The lontana Power Co.
estimates that costs have doubled in six years. Since most
hydro-electric cdam sites are occupied, the company has chosen to

-

build coal-fired nlants, which are much nore expensive to

&)

build and maintain than hydro-clectric units, to meet future

sower cemands. Consumers are not getting the appropriate econornic
sicnals when they are charged less for using additional energy
cven though costs for the additional capacity to meet the de-

mand are greater than costs for existing capacity.

The existing rate structurc also fails to rcflect the
consuincr's contribution to the peak load. Plant capacity, trans-
rission and distribution networks must all be adecuate to meet
the peal: demanc. Therefore, it seems reasonable to change pro-
rortionately larger amounts for electricity delivered during the
peakse  But most electric rates today are the same during peak
and off-peak periods. This practice tends to sive consuners
the inpression that using more power recduces their long-run
average costs. Actually, it has the opposite effect becausc
the additionzl (expensive) capacity must be built to meet the
increasing demancd, A utility's long-run cost of service and
rate per kilowatt-hour is largely determined by capital cost.

It is important therefore to relate periods of peak demand to

additional costs of meeting those demands and to reflect this
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rclationship in the rate structure. Table I shows the tlircc

main classes of customers and the rates chiarged then:.,

S
7

TABLE I - CUSTOMERS AND RATES (1972)

Consumption
Average of total Contribution to
Charges electricity sold total revenue.
Class (cents/kwh) (per cent) (per cent)

Residential 2.25 20,1 3645
Comniercial 2.03 17.4 284
Industrial 0.753 4041 9733
"Source: lontana Public Interest Resecarch Group (1ONTPINC)

llontana should study whether current rate structurcs arc rcason-
able and fair. HNot only the amount consunmed, but also the ﬁimc of
consumption should be considered. If cost to the custoner rore
higher during peak demand periods, some of the demand michit chift
to off-neal: periods, improving the syster load factor bHalo
because it is more efficient to supsly 2 steady deqand thon it is
to recomodate & Zluctuating one that has high peaks but generall
low demand.,.

The possible econounic impacts of alternative rote structurc
should be analyzed thoroughly to avoid economic disru tion. ror
example, if the cost of Montana clecctricity were to bicoue Soo hird
soods produced in lontana might not be as competitive, Industry
mizht relocate, depending on the amount of electricity requircd
the degree to which efficient machines, human labor ~a fos
Tuels could renlace electricity, the extent to whiclh the intustey
competes with out-of-state firms, and its Cesenlenc on ! aonin~r-s

resourccs. Of course, at least 2 ortion of an=v

n

is ultimately »cossed along to the consuner.
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Llcctricity Conservation Sugsgestions

lnsulating the Great Indoors

l.ontana utilitice micht look into sponsoring low-cost loand
for added insulation for its all-electric resicdential customers.

"Waste heat" from electricity production, usually in the form
of stean and hot water, doecs not have to be wasted, Steam can be
sold for industrial use or for heating and cooling of residential
and comnmercial districts. At Colstrip, some of the waste heat from
the power plant could be used to heat the town. Sonie of the heatcd
water could be used in sewage treatment. lieated commercial green-
houses can raisc food year 'rounc.

Another very promising use for waste heat from power plants
is aquaculture. Areas of the Pacific coast near power plants arc
su_porting man-nacde colonies of oysters, which bathe in hot water
diecharges from the »nlants, In California, algae is grown on the
combination of heated power plant effluent and sewage, resulting
in an inexpensive source of nutritious animal feed. The sales of
the algae for feed pays for the sewage treatment. Algae, or single
cell protein, also can be used for human food, although it has a
grecen taste. It is possible, however, to flavor and texturize
the product to make it more palatible. The possibility of growing
livestock feed using heated power plant water in Montana should
be investigated.

A project sponsorecd by Portland General Electric Company,
Pacific Power and Light Company, Boeing Company, and Eugene Water

and Llectric Board is investigating the use of waste heat from
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power plants and possibilities for upgrading the ener;iy to usable

ro L
levels (e.zg., the steam-bleed-off-systen and heat puniu systerij.
The Aluminurn. Company of America is testing a system usings

vaste heat from power plant stacks to purify water.

Llesearch and developunent

Ty

The following areas need further rescarch:

A, Conversion technology
l. Energy storage systems utilizing phase-change materials,
batteries, capacitors, pumped storage, flywheels, coun-
pressed gas, hydrogen.

2. DMore efficient power generation equipment. (To ping
cycles such as gas turbines, magnetohydrodynamics,
supercritical and potassium vapor systenis; bottoning
cycles using ammonia vapor for converting rejected
heat into useful energy; fuel cells.)

3+« Solar energy systems for power generation. Specific
research on photovoltaic cells, properties and radia-
tion stability of plastics, high temperature charac-
teristics of selective optical coatings for solar
energy converters, recduction of nrice and increasc
of reliability of solar converters.

Transmission

(03]
°

1. lligh-capacity, long-distance underground transmissions.
N B o L . o g
2o INiobium-plated copner pipe for superconduction.

3. liigh=-voltage direct current and cryogenic cable systems,

4]
.

4. Ultra-high voltage alternating current systen

5« liigh-voltage direct current transiission.
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Putting
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Ccneration
1. Develooment of materials to withstanding high tempera-
tures and pressures.,
2. Improved nuclear plant safety.,
3. Ceothermal, solar, wind generation systems.

surcharge on peak power usec

This could be effective in conservation if the difference in

non-peak and peak prices were significant. There would be an

expense

Looking

in changin~ electricity nieters.

to the future

l.ontana does not and cannot depend on hydro-electric power for

2all its

clectricity. As the power demands grow, hydropower will

probably be reserved for peaking.



GEQTHERNAL_ENERGY

Geothermal means literally 'earth heat." This heat results from the slow
decay of radioactive elements and from frictional forces. With our present
technology drilling depths of 7.5 kilometers have been achieved and someday may
reach two or three times that depth. However, the depths from which we may
economically extract the earth's heat seems unlikely to exceed 10 kilometers.1

The average amount of heat which flows to the surface is very small and
would have to be concentrated considerably to be considered as an energy source.
There are, however, areas in which molten rock is, or has been, much closer to
the surface. It is the areas in which natural heat is concentrated close to the
surface that economic exploitation may be possible. In this context, geothermal
heat is similar to minerals or petroleum in that it becomes economically exploit-
able when found in sufficient concentrations.

Geothermal Energy in Montana

A potential geothermal energy site was discovered near Marysville in 1966 ~—
by Professor David Blackwell (Geology Department, Southern Methodist University)
while he was conducting heat flow surveys in the Rockies. The area has one of
the highest geothermal gradients on the continent. Battelle Pacific Northwest
laboratories is conducting a three year study on the area under National 3cience
Foundation funding. Another high heat gradient has been found at Butte. 1In
addition, there are a number of hot springs in western Montana and hot groundwater
is found in some eastern Montana wells.

A 12,763 acre area in Montana near Yellowstone Park is classified as a known
geothermal resource area.2 More than 3.8 million additional acres are classified
as prospective geothermal sites.3

Montana has the basic requirements for geothermal energy.4 Much of the state
has evidence of tertiary volcanic instrusive activity. The western part of the

state is faulted, the mountains in that area are fault block mountains and the

state has high volume aquifers.



The following are potential geothermal areas:5

s Upper Yellowstone River Valley-this area has thermal springs.

Some (e.g.Chico) have been used for recreation facilities. Hot
water escapes through faults probably from Tertiary intrusive body
in the Beartooth Mountains or perhaps from volcanic activity in
the Crazy Mountains.

" Mocassin-Judith Mountain Area-Big Warm Springs a large thermal spring
is on the north side of South Mocassin Mountains. Geothermally
heated water comes through faults in the loccolithic Tertiary
intrusions of the area.

3. Little Rocky Mountain Area-This area has several warm springs
coming out of Timestone of faults from Tertiary instrusive masses
which comprise the core of the mountains.

4, White Sulphur Springs area-A major fault is thought to be under the
city of White Sulphur Springs and might be the pathway for heat from
Castle Mountain instrusive body or other nearby cooling body.

8, Boulder Batholith Area-Several thermal springs surface along fault
lines in this area.

6. Idaho Batholith Area-The eastern part of this area lies in Montana
and is a source of dry geothermal heat.

¥ Beaverhead Area-This area, south of the Boulder and Idaho batholiths
has thermal springs. Drilling for uranium has revealed warm water
beneath Big Hole Valley.

8. Snowcrest-Gravelly Range Area-This area west of Yellowstone Park
has a heat source probably from deep igneaous instrusions.

9. Madison Group Area-Hot water wells.
GEOTHERMAL SYSTEMS

Different geothermal areas vary according to geological and hydrological
characteristics present at each site. The type of system present determines the
type of extraction and production techniques, and to a lesser degree the type of
exploration methods which are used in the development of the field. The system
variation is based largely upon the method in which heat energy is transferred
at exploitable depths.

A. Dry Rock Systems

Conduction is the dominant means of heat transfer through solids and therefore
the earth's crust. In a Targely dry rock conduction system, temperature generally

increases continously with depth to the interface of the Moho. Differences in
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heat flowing through dry rock in various areas of the world arise as a function
of the depth of the heat source, the thermal conductivity of the crustal rock,
and the thermal gradient. At present there are no dry hot rock systems being
exploited, although the technology is currently being developed, as will be
discussed Tlater.

~ B. Fluid Systems

Convection is the other primary heat transfer mode present in the earth's
crust. This occurs when fluids are heated and rise as a result of thermal expansion
and lower specific gravity. Cooling fluids or cooler ground waters replenish the
cycle of circulation which is driven by heat furnished at the base of the system.

In a convection system the temperatures tend to be greater in the upper portions
than in the lower parts due to the nature of the system. There are two basic
typesof water convection systems which differ according to the physical state of
the water.

1. Hot Water Systems

Hot water systems are characterized by water in the 1liquid state, although
it may be at pressures greater than hydrostatic. In a major convection system
water serves as the medium by which heat is transferred as it moves from a relatively
deep geothermal heat source to the surface or near surface. Cool ground waters
seep into the perimeters of the geothermal system due to their higher density in
relation to warmer heated water. The pressure exerted by cooler waters on less
dense heated waters may result in artesian hot springs. If the aquifer, a porous
water carrying layer of rock, which 1ies on top of the heat source is covered by
an impermeable caprock, the water may be at temperatures which exceed boiling at
atmospheric pressure. This liquid water, under high pressure, may partially flash
to steam once the pressure is released either by drilling or by natural faulting
in the caprock layer. All of the water does not flash to steam, and thus droplets

are carried up with the steam, this is often called a "wet steam" system.
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2. Vapor Dominated Systems

A few per cent of the worlds geothermal resources are to be found in the
form of vapor dominated systems. At present the only Targe known systems of this
type are found at theGeysers field in California and the Lardello field in Italy.
Since they produce superheated steam with no associated liquid, they are often
called "dry steam" systems. This steam is generally thought to originate from
boiling water in a deep geothermal reservoir with a high temperature heat source
and a low water recharge rate. The water reservoir has overlying rock which is
highly porous and permible and allows the steam to exist as the continuous pressure
controlling phase with pressures below hydrostatic. As the steam rises in the
geothermal system it loses its heat to surrounding rock and eventually condenses
near the surface in most vapor systems. This condensed liquid, if not lost to the
surface, drains downward on the perimeter of the system to deeper water saturated
rock on the perimeters of the heat source and serves as a recharge source for the
system.

Geoexploration

Geophysical exploration for geothermal energy has been largely adapted
from standard geophysical practices, although alterations and various inovations
have been found necessary to provide for the uniqueness of geothermal resources.
Preliminary exploration selection is based upon a number of previously known
geologic factors. The presence of geysers, fumaroles, mud volcanoes, or thermal
springs are obvious indicators of geothermal activity. Areas with volcanism
of late Tertiary or Quaternary age may also indicate possible near surface heat
sources, especially if caldera, cones, or volcanic vents are present. Information
available from other activities such as deep mining, well drilling for petroleum,
etc. may also provide information pertaining to the possible presense of geothermal

anomalies.



124

Drilling

There are two phases of drilling which can occur in the development of
a peothermal field, test drilling and field development drilling.

Test wells are located on the basis of preliminary geophysical exploration.
These wells provide subsurface geologic data, information as to the physical and
chemical characteristics of the geothermal fluid or rock, help define local
productive zones, and help determine the extent and productiveness of the field.

Although the drilling of geothermal wells is very similar to petroleum
drilling, geothermal fields present some problems not encountered in petroleum
fields. The heat and abrasiveness found in geothermal formations are extremely
hard on subsurface equipment. This includes drill bits, valves, cements, casing,
etc. Much of the conventional equipment will not stand up to the physical
characteristics found in geothermal systems.

The future economic development of geothermal systems which have characteristic

~—
that prohibit the use of present drilling technology due to physical economical
limitations is dependent upon the development of low cost drilling. Presently,
the cost of drilling increases very rapidly with depth. “Utilization of
geothermal energy at depths greater than 3 kilometers is not economic. The
development of low cost drilling to depths greater than %3 km would permit
much greater utilization of the heat energy stored in the outer 10 km of the
earth's crust.

Plutonic or hard metamorphic rock also limit the use of present drilling
technology due to extreme wear on subsurface equipment. High temperatures
associated with geothermal systems are also very hard on drilling tools. As a
result, costs may be prohibitive to development in geothermal systems with

these geologic characteristics.
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The Los Alamos Scientific Laboratory has recently been developing drills
which bore through rock by progressive melting rather than by chipping and
abrading. This borer is electrically or automically heated to melt through
rock. As it moves, the molten rock hardens and forms an obsidian-like casing
which is fwsed to surrounding rock. There is no debris to remove from the
hole and it would not be necessary to install casing as the glass liner serves
that purpose. High temperature rock improves the performance of the drill,
unlike conventional equipment performance which is impeded by high temp-
eratures.

A two inch prototype has been developed which consists of a molybdenum
shell, a tungsten tip, and a graphite heating element which uses a 3 kw power
source. Melting rates have been slow, 60 feet per day. However, calculations
show that larger drills should have much higher melting rates as well as

increased energy consumption efficiency.

Conversion and Use

The type of technology used in the development of any particular geo-
thermal system is determined largely by the type of system present (e.g. vapor-
dominated, liquid-dominated, dry hot-rocks), and by the chemical and physical
characteristics of the steam, liquid, rock present in that system. 1In general,
increasing technological difficulty is encountered with the development of
vapor-dominated systems, liquid-dominated systems, and hot dry-rock systenms,

respectively.

The technology for the development and exploitation of vapor-dominated systems,

and super heated liquid-dominated systems with low chemical content is readily
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available. However, the technology for the production of power from low enthalpy
hot waters and geothermal waters of high chemical content is in a pre-pilot plant "~
stage of development. The technology for the use of hot dry-rock systems is in
the early planning and experimental stage.
Power generation from geothermal energy sources differs from fossil and
nuclear electrical generation in several aspects. Geothermal plants do not require
hotboxes, boilers, or furnaces, or mining of fuels. However, because geothermal
steam or water cannot be transported over large distances, geothermal plants are
"mine mouth" plants (the generation facilities sited at the location of the
geothermal field).

Efficiency of Electrical Generation

Geothermal power production requires a much larger volume of steam than
does a fossil or nuclear power plant to produce an equal amount of electricity
because of the relatively low temperatures of geothermal steam resulting in low
cenversion efficiency. The maximum thermal efficiency of an ideal heat engine
is:

eff. = Ty - T,

T

where Ty is the initial temperature in degrees Kelvin and T2 is the final temperature.7
Thus, for geothermal generation in the Geysers field in California, where T] = 452.6°K
and T2 = 299.8°K, the resulting maximum theoretical efficiency is 33.9 per cent. 8

For a fossil fuel plant, where T1 = 811°K and To = 311°K, the maximum theoretical
efficiency would be 66.1 per cent. At the Geysers power generation complex, only
14.3 per cent of the heat energy delivered to the turbine is converted to electricity.
At Wairakei, New Zealand, the hot water system produces 24 per cent steam and 76

per cent hot water by weight. Of total heat produced, 59 per cent is in the steam

while 41 per cent is in the water. Thus the overall efficiency of electrical productiow
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from heat produced at the well head is
.59 - 14.3 z 8 per cent ?

Conventional Use of Energy in Vapor Dominated Systems

At present time, "dry steam" geothermal systems are more easily exploited,
in both technological and economic terms, than are "hot water" and "dry rock"
geothermal systems. (Although the dry rock system at Marysville looks promising.)

The steam gathering systems of a "dry" steam geothermal field such as Geysers,
California, and Lardell, Italy, separate particulate matter from the steam at the
wellhead. The steam is then transported to the power generation station via
insulated, steei pipes which are usually located above the ground surface. To
provide for thermal expansion of steam lines, vertical or horizontal expansion
loops are spaced at regular intervals along the steam line.

It is not practicable to transport steam over distances greater than one
mile, due to energy loss and high steam pipe equipment costs.lO Thus, steam
transportation limitations define the maximum area from which steam may be delivered
to power generation facilities in any geothermal field using "dry" or flashed
steam to generate electricity.

Most geothermal power plants are relatively small, usually not exceeding 110
megawatts at any site. Although each station may be relatively small, a geothermal
field may produce large amounts of power depending on the size of the field and
the number of stations installed.

At the Geysers and Lardell, Italy, conventional low pressure turbine
generators are used to generate electricity. Condensing steam turbines which
exhaust below atmospheric pressure are used to utilize the energy of the steam
over a larger temperature range, thus increasing efficiency. A condenser at the
exhaust end of the turbine creates a vacuum which allows the steam to expand over
a larger temperature range than would otherwise occur.

In the process of condensing the steam, a great amount of heat is released

which must be transferred to the atmosphere or some cooling medium. There are
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three basic types of cooling methods involved. The first is "dry cooling" which
is similar to an automobile radiator. (No water is evaporated into the air and
the preformance of the cooling tower is a function of the ambient dry-bulb temperature??
A wet cooling tower cools the 1liquid by direct contact with the air and by
evaporation. Although wet tower consumes very large amounts of water; they are
more efficient and less expensive than dry cooling towers.
The third type of cooling method passes an outside source of water such as
a lake or stream, through the condenser, and discharges the heated water back into
the reservoir. This is generally the least expensive and most efficient method
where sufficient amounts of water are available, but has potential thermal pollution
problems.
Condensed geothermal steam may contain boron, amonia, or ether chemicals
which render it unsuitable for disposal into surface waters. Such is the case at
the Geysers, where wet cooling tower blowdown is delivered back to the steam producer
who disposes of it by reinjection into the geothermal system through a nonproducing

well.

Use of Energy from Liquid-Dominated Systems

The technology involved in the exploitation of superheated geothermal waters
is more complicated than that used in the exploitation "dry"steam systems.

To be used for conventional steam turbine-generator equipment, the fluid must
be superheated &o allow an economic portion of the fluid to be flashed to steam
under pressure) and not have high concentrations of dissolved solids, such as
$i0, or CaCO3. The steam flashing process will deposit scale on subsurface and
surface equipment if dissolved solid coneentration is high.

Superheated geothermal waters are flashed to steam at a pressure to give the
highest turbine efficiency and the greatest steam volume production. Wellhead
cyclone separators finish the flashing process and separate the steam from the
water. "“Dry" steam is directed into a steam line connected to a conventional steam ‘—

turbine-generator powerhouse.
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Water separated from the steam can be reinjected into the geothermal formation
to help recharge the fluids of the system and slow ground subsistance due to fluid
withdrawal, cooled and discharged into surface waters, or flashed to steam at
atmospheric pressure with the use of expansion towers and mufflers, producing
large amounts of steam.

Any known geothermal system;are not exploitable due to their chemical or physical
characteristics.  "Wet" steam can destroy a conventional turbine in minutes thragh
the corrosive effects of high speed particles hitting turbine blades. Non-condensable
gases reduce turbine efficiency and excess scaling in subsurface and surface
equipment can cause damage and result in high maintenance costs. If steam flashing
causes scaling in the borehole, restricted steam production may necessitate
redrilling the hole.

Heat Exchangers

Most of the worlds hydrothermal systems are of the"hot" water type with low
temperatures and/or high mineral content, and cannot be used with conventional
steam turbine-generator equipment, but may be usable through use of a heat exchanger
which transfers the energy of thermal water another fluid heaving a low boiling
point and high pressure at low temperatures (e.g. iso-butane) which is superheated
and used to power a turbine. The cooled water is reinjected back into the reservoir
to maintain underground pressures, prevent subsistence, and recharge the geothermal
system. The exhaust gas is condensed and then fed back into the heat exchangers.

This bifluid cycle has many advantages over the conventional stea turbine-generator
system:

1. Geothermal waters are not allowed to flash to steam at any point in
the process, preventing scaling on water conduction equipment and thus allowing the
use of geothermal waters with high mineral content for power production.

2. Since water is kept at full pressure, contained gases remain in solution
and are returned to the reservoir along with dissolved solids without surface water

or atmospheric pollution.
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3. Utilization of geothermal waters of low enthalpy is possible due

to the nature of the secondary fluid used.

Helical Screw Expander

A new system for the use of superheated geothermal steam has been developed
by Roger S.Sprankle of Hydrothermal Power Company. 1 hot water and/or steam is
expanded direct]yvin a screw expander which is betweena centrifugal type aerodynamic
machine (e.g. turbine) and a positive displacement machine (e.g. steam piston engine).
It runs at slower speeds than turbines and, as a result, does not have the balance
problems which turbines exhibit. The inventor claims that mineral deposition
increases efficiency by Tapping to rotor-torotor, and rotor-to-housing gaps. Excess
deposit is continually scraped away and large scars left by solid particles on
moving interfaces are filled in with mineral deposits. Although corrosion and
erosion are problems, they are less severe than in turbines due to the bulk nature
of the expander.

The helical screw expander can use "wet" geothermal steam or superheated
water. Other advantages are seen in its high (70%) efficiency and its ability to
run over a wide range of power loads at a constant speed.12 The wide range of
power loads permits the power producer to vary generation according to energy demand.

Bladeless Turbines

U.S. Federal Engineering and Manufacturing Inc., of San piego, California has
designed a bladeless turhine which uses "boundary layer drag" {an undesirable effect
in aeronautic design) as a source of rptational torque to rotate the turbine shaft.13

The bladeless turbine has the advantage of being able to utilize "wet"
geothermal steam without damage from particulate or liquid. In addition, due to
its simplicity in design and manufacture, it costs appreciably less than that of
conventional turbine equipment.

Environmental Impacts

Geothermal energy has environmental advantages over conventional energy sources. ~

It is not a source of air pollution or radiation hazard, or require that large
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amounts of land be disturbed (other than for transmission lines or pipelines and

the plant itself). However, it does have some environmental drawbacks. Effuent

can pollute surface and ground water unless fluids are reinjected into deep reservoirs.
Potential thermal pollution problems can also be avoided by reinjection. Other
potential problems include noise, objectionable gases, visual impact, and subsidence

due to fluid withdrawal.l¥



Introduction

Although its true potential remains speculative, Montana's uranium ore
resource may have an important future in the nation's growing nuclear power
industry. The state's nuclear role also may include the second major step in
the complex nuclear fuel cycle, the enrichment process which is used to concen-
trate the energy of uranium for nuclear power plant fuel. Uranium enrichment
facilities need not be near uranium deposits however; the primary requirement
for a nuclear fuel plant is adequate power (about 2,500 megawatts) to drive
the enrichment process. Montana, which has coal and therefore potential for
large supplies of eélectric power, is a potential enrichment plant site for
this reason alone.

In order to examine Montana's possible contribution to the nation's
nuclear industry and the impact such an industry would have on the state, it
must be determined first whether there is a potential here for a nuclear
industry and what its adverse environmental effects* might be. Montana
agencies may have the authority to impose controls and mitigate these problems.

Uranium Mining and Milling

Reserves and Production Potential
id

The commercial production of uranium in Montana has been very small; the

largest ore production recorded was less than 3,000 tons in 1958.

*for the purpose here, environmental effects include social and economic
impacts, and hazards to public and worker health, in addition to traditional

environmental concerns about land, air, water and the biosphere.
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In only two other years, 1960 and 1961, was production large enough to
record: Most of Montana uranium has been mined in the Pryor Mountains of
Carbon County. There has been no production of uranium in the state since 1966.

Montana does have potentially commercial reserves of uranium, although
there are no maps for exact locations. A number of energy industries are actively
exploring for uranium, expecially in areas most likely to have uranium deposits--
southeastern Montana in the Fort Union coal region and to a lesser extent,
mountainous western portions of the state.

"Production of uranium from Montana deposits remains more potential than

actual. Although uranium production in the State is currently dormant,

the discovery of commercially more important deposits is a continuing

possibility."

Uranium can be found in association with more than 50 mineral types,
mostly rare. The main ores are uraninite, found in vein deposits, and secondary
mineral deposits which are the weathered remains of uraninite. The vein ores
are found in the mountainous areas of Montana, in particular, the northern half
of the Boulder batholith just south of Helena in Lewis and Clark and Jefferson
Counties. Veined deposits also have been found in Granite, Madison, Mineral,
Powell, Sanders, and Silver Bow Counties. The occurance of the secondary minerals,
located in sedimentary deposits, are generally in parts of eastern Montana,
notably in Carter and Fallon Counties, and southwestern Montana. The uranium
deposits in Carter and Fallon Counties are a portion of uranium-bearing lignite
(Tow-grade coal) deposits which underlie much of North and South Dakota. In
southwestern Montana there are uranium-bearing lignites, shales and phosphorite
deposits.

"The amount of uranium disseminated in these sedimentary deposits is

very small, but if the need were great enough or the improved treat-

ment techniques developed, they could in the aggregate be the source
of substantial amounts of uranium."
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(icological formation, drill patterns nade by exploretion,
and leascs &ll help identify psossible commercially wminable areas
but none gives information about specific location or tvr-e of
uraniui: reserves. D3ecause it is more costly to engare in ros-
pective activities than to hold leascs, prospecting atterns arc
a better indicator of a corporation's interest in the area. Sascd
upon the indicators of geologic formations and type of prossce-
tive activity, Sidney L. Croff of liontana Bureau of ! ines s-eculates
that Montana does have low-grade uranium reserves, wiaich »robably

will be minec in the future. According to Groff, the state's

ool

reserves are srobably not as great as those of Yyomin~t which

are extcensive and ore now mincd .

Present Activity

Leasing and prospecting activitics show that the uroniu
industry is interested in lontana uranium reserves. OfF noro
than 85,000 acres of state school lands lecased to CNneryYy cornora-
tions for uranium, about 80 per cent is controlled by two com-
panies, Mobil 0il and Utah Internétional, Inc., in about equal
shares. (Tor county by county listing of total acrcs leased,
see chart.) DProspecting nermits ere —robably a better indicn-
tion of incdustry intercst in the uraniun sotential of [ ontanc.,
Thic Department of State Lands (1'SL) has issued 2§ oros cctineo
perniits for uranium in 17 countiics across the stote. Lese
prospecting permits represent 350 of the total perwits issucd by

the Departuents  (The rest were issucd for coal :ros-cetin s ]

lils cetivity is believed to be rostly sseculative ex loration

Lo discover rnerletabic desosits of uraniw .
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URANIUM ACTIVITY IN MONTANA

County Acres leased on school lands(4/74) Number of prospecting permits
(7/23/74)
Beaverhead 4,490. 32 0
Broadwater 2,480.00 1
Carbon none 1
Carter 14,704.00 7
Cascade 310.00 0
Dawson none 1
Deer Lodge none 1
Fallon none 1
Fergus 11,206.76 1
Golden Valley none 1
Jefferson 21,000.00 1
Madison 16,608.00 2
Musselshell 1,480.00 5 (1 through State Lands Department
Petroleum 640.00 1 and 4 through Bureau of Land
Sweet Grass 480.00 1 Management)
Silver Bow none 1
Wibaux none 1
Yellowstone none 1
Total 85,665.00 23 by Department of State Lands

_4 by Bureau of Land Management
27 total by state and federal p.p.

Source: Leasing record and prospecting permits issued by Department of Stae Lands.

The geological formations and present uranium industry interest as shown by
leasing of state lands and prospecting permits seem to indicate that uranium mining
in Montana is a probability. The map shows known geological formations,
prospecting permits issued and leases granted for uranium. This map does not
give exact reserve location either, but it does show the probable location of
uranium in the state. This is not to say that all of these counties have uranium
in commercial quantities or will have uranium mining. There are four counties with
leasing, prospecting and geological formations known to contain uranium, namely
Carter, Beaverhead, Madison, and Jefferson. Uranium mining occurring in the state,
of course, will be a function of economics and demand for uranium in the nuclear

industry.
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Market Conditions for Uranium

Market conditions dictate whether specific deposits of uranium would be
economically mineable. Market conditions for uranium are iikely to change
substantially in the next few years as the demand for uranium grows. America
seems to be counting on nuclear power to solve many of our energy supply problems.
The number of nuclear power plants expected to be built by 1980 is eight times the
number in operation in 1972. Plant capacity in 1990 is expected to be thirty
times that of 1972. Demand for uranium is expected to jump five times by 1980,
up from the 8,000 tons a year now consumed. The breeder reactor should greatly
reduce the amount of newly mined uranium needed for nuclear plants, but is not
expected to be available commercially until mid-1990.

"Cumulative U.S. requirements for uranium oxide from 1971 through 1985

have been projected at 450,000 tons, with 59,300 tons needed during 1985

alone (Natl. Petroleum Council, 1971 p. 147) Before 1990, total cumulative

requiremenEs will exceed the current estimate of our Tow-cost uranium
resources.

Until the advent of the breeder there seems to be no reliéf for the expected
high depletion rate of our domestic uranium reserves. Although low-cost U.S.
uranium may be in short supply in the next 20 or 30 years, Canada does have
extensive uraniun rescerves,

"Current production of uranium is some two-thirds below short-term

capability, and less than one-third of Canada's known low-cost reserves

are committed. Moreover, large areas of Canada are geologically favor-

able for uranium, and many are relatively unexplored."

However, the U.S. turned down Canadian uranium contracts lastyear to favor
developing domestic reserves. Meanwhile, Canadian uranium prices and markets
rose. Now the U.S. is again interested in Canadian uranium, but so are many
other countries. Importing uranium from Canada and other free-world nations is
still a possibility, but now that energy self-sufficiency is a national goal it
may not be wise. If the United States is to be energy self-sufficient or

cannot import sufficient ore, it will be necessary to utilize low-grade, formerly

uneconomical, uranium ores.
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MINING TECHNIQUES

There are three methods used to extract uranium; each of which might be
applied to recovery of Montana's reserves. Two of the methods, open pit and
underground mining, are conventional. Solution mining is semi-experimental.
Open pit mining is used to extract ore which is relatively close to the surface
and resembles open pit mining of other minerals. Underground mining is used to
recover deep reserves and may be used in conjunction with open pit mining.
Solution mining, though somewhat experimental, can recover reserves at
underground mining depths. In solution mining, an acidic solution injected
through a well leaches the uranium deposits. The uranium-bearing liquid is
then pumped from the deposit through production wells to a recovery plant which
separated the uranium from the acidic solution. This waste solution is then
discarded into tailings ponds. Although solution mining is still basically
experimental, it was used in Shirley Basin, Wyoming from 1967 until 1971 when
damage to the aquifer was discovered.

A facility generally located near open pit or underground mine sites is
the uranium mi1l. Low-grade ore (mostly 0.1 to 2.0 percent uranium) moves from
the mine to the mi1ll where the uranium ore is separated from waste rock. The
ore crushed to the consistency of fine sand and mixed with water, is pumped into
leaching tanks, where (according to ore type) an acidic or alkaline solution is
added to dissolve the uranium. At the end of this process the uranium is called
"yellowcake" and contains about .7 percent uranium. The solid waste products
(tailings) are suspended in the liquors and then,

"pumped by slurry to tailing dumps located alongside the mill. The

liquor ultimately evaporated or seeps into the ground or is allowed

to flow into natural waterways at a controlled rate dictated by

applicable regulations. The sand-like material remains and the

radioactive daughter products of the uranium remain in the tailing

piles."”

The amount of tailings from a particular mill depends upon the percent of
uranium per ton of ore. The natioral average ore contains .25 per cent uranium.

Only about five pounds of uranium and 100 pounds of vanadium fis removed from each
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ton processe d; the belance (nearly 1,900 pounds) is heapec on a tailings pile
as waste. If Montana's uranium reserves are of a lower quality than the national
average, which is probably the case, waste tailings would be higher than average.

ENVIRONMENTAL EFFECTS

There are environmental problems associated with any open pit or underground
mine; here the emphasis will be on environmental impacts specific to uranium
mining.

The power of condemnation of surface rights for strip mining of coal has
been taken from energy companies, but this option is still open for the strip
mining of other minerals. Under current laws, a surface owner can have his land
condemned to allow surface mining of the uranium. Because there are social and
environmental problems common to all surface mining disturbances, perhaps condem-
nation powers should be taken from uranium miners too, at lease those who surface
mine the metal.

Open pit and underground uranium mining both have problems associated with
the disposition of overburden. One problem associated with surface or under-
ground uranium mining is that radioactive material leached from tailings may enter
nearby streams.

"This hazard can be controlled by adequate monitoring, impoundment of water

for critical periods, control of discharge, and by suitable design of tailings

areas to prevent uncontrolled leaching."
Underground mining poses a unique problem in that there are occupational hazards
associated with working in a closed space with radioactive materials. A direct
relationship has been established between occurance of Tung cancer in underground
uranium miners and the level of radioactive by-products in the mine atmosphere.24
This problem can be alleviated by adequate ventilation and limiting the amount of
time workers spend in the mine.

"The possibility of danger to workers in underground mines and their

associated mills due to radon emissions. This danger is one of the

industrial or work environment, and it is unlikely that the situation

will ever be encountered where there is damage to the natural environment

outside the mine itself. The danger can be minimized by adequate
ventilation within the mine and by rotation and scheduling the workers

to control the tipe spent in the critical areas. Modern statistics
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of health injury to miners of radioactive ores show that with

present understanding and management the awareness of the miners

and mill workers themselves, risks from accumulated radiation are

negligible in uranium mines today."

Open pit mining does not share this ventildtion problem. Although

solution mining does not cause the surface disturbances of open pit mining

(and therefore seem to be more environmentally attractive) it does pose

problems for water quality and aquifers in the mining area. Groundwater
quality may be affected by the acids used in solution mining.
There needs to be more research to discover and control other adverse
effects of solution mining.

Mill tailings from uranium mills and recovery plants are dis-
carded in a slurry to ponds where the liquid must evaporate, seep
into the ground or flow into natural waterways.29 The substance
which remains is a sand-like material containing the radioactive
byproducts of uranium. If allowed to contaminate surface or ground-
water resources, the tailings can contaminate water used for other
purposes. Also, as the tailings dry, wind lifts radioactive particles
into the air. To prevent water and air pollution from the long-
lived radioactive contaminants, it is necessary to isolate the tailings
pond from these weathering factors for many years.

Controls on Uranium Mining and Milling

The controls on uranium mining and milling cover two areas:
regulation of mining process and regulation of radioactive pollution
from uranium reserves and waste. Open pit mining of uranium is
regulated by Department of State Lands under the Strip l}ine Reclamation
Act and required reclamation of disturbed land. Because the oresent
regulations do not specifically apply to uranium nining, new regula-

tions should be promulgated. Underground mining is not controlled
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except for its surface disturbances. The chief occupational hazards
of underground uranium mining are regulated by Department of Illealth
and Environmental Sciences (DIIES) under the Radiation Control Act,
which can require control devices. Threats to groundwater quality
from solution mining can be controlled by the DHES under the Water
guality Act, although other problems may not. The regulations under
the Water Quality Act are not promulgated specifically for solution
mining.

The environmental effect of uranium mine and mill tailings also
is regulated by DIHES under the Radiation Control Act. However,
existing regulations concerning tailings are inadequate. The
regulations were written in 1971 before many new techniques for con-
trol of tailings were devised. Perhaps new regulations should in-
clude these techniques. The Atomic Energy Commission has regulative
powers in the uranium milling process, however, the state can assune
its function by becoming a so-called "agreement state." By assuming
the AEC's standards, the state then assumes the AEC's regulatory
authority. The 1969 legislature authorized the governor to "enter
into agreement with the federal government providing for discontinuing
the federal government responsibilities with respect to sources of
ionizing radiation and the assumption of the state thereof."

State regulation might be more strict than AEC regulation. It is
estimated that it would require six months of preparation before the
state'!s regulatory program could meet federal standards.

Uranium Enrichment Facilities

A uranium enrichment facility is one of the many processes

associated with the nuclear fuel cycle and considered for location
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in Montana. The uranium enrichment process increascs the -“rojor-
tion of fissionable isotope required for fuel in most nuclear power
plants. There are only three uranium enrichuent facilities
operafing in the U.S. The process, which increases
the uranium -235 isotopic concentration from .7 to more than 2 per
cent, is not performed by private industry. However, future uranium
enrichment plants probably will be built and operated by private
industry. ?he foreign demand for enriched uranium is increasing at
a rapid rate. It is projected that 10 or 11 new plants will be built
in the nation by the year 2000, totaling more than three times the
present capacity.

Colstrip, Montana and Gillette, Wyoming were considered by a
three-comnpany consortium as possible éites for an uranium enrichment
plant, mainly because of the large electric power requircments of such
a facility. Although these companies have decided to locate clse-
where, Montana remains a prime site for future cnrichment facilities
due to the state's vast coal reserves with the nossibility of mine
mouth electrical conversion of these reserves, and the increasing
demand for new uranium enrichment slants.

The power requirements of an enrichment plant excecds the total
power output now planned at Colstrip. The enrichment plant itsclf
would require approximately 22,000 acre feet of cooling water
annually.zl The facility also would rcquire 500 to 600 acres of land
during its 30 to 40-year operating life to allow waste disposal from

59
the ;rocess. ~

tnvironmental Impacts

The enrichmnent facilities posc a two-fold environmental impact.

%

There are social and economic costs and bencfits (associcted with
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any larce scale industrial development in a rural area) anc there are
vossible problems associated with the disposal of waste from the
enrichnent process.

o

Social lmpacts

To construct an enrichment plant, it requires three to four
times the employment needed for a 2,500 megawatt plant and associated
mine., In operation, the enrichment plant needs almost twice the
number of employees compared to operating a 2,500 megawatt electrical
generation facility. Both the enrichment plant and power facility
(with mine) would be near one another; the environmental problems

31

would be, therefore, additive., An enrichment facility would require

500 to 600 acres during its normal 30-to 40-year life span to allow
waste disposal.32 Some of the radioactive by-products, for example,
are valuable for other uses and may be temporarily stored in scaled
containers on site for later use. Other liquid and solid chemical
wastes are treated and diluted for release, burial on site, or to be
packaged and shipped elsewhere.33 Environmental problems can be
mitigated to some extent by proper licensing and regulation by
either state or federal government,

Uranium Enrichment plants would be regulated by the Department
of Natural Resources under the Utility Siting Act and Department of
llealth and Environmental Science under the Radiation Control Act.
Although the location of both the enrichment plant and its coal-
fired power plant would be covered under the Utility Siting Act, it
is not clear whether the two would be considered together or separately.
There are no regulations under the Utility Siting Act pertaining
specifically to enrichment plants, but there could be. The Radiation

Control Act could control any radioactive pollution from the plant
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as well as waste disposal and occupational hazards if Montana were

an "agreement state." DMontana has not gained this status. Until

it does, the Atomic Energy Commission has the main regulatory powers
with the state Department of Health of maintaining a "watchdog"
function over the AEC. The Western Interstate Nuclear Board has con-
tacted the state of Montana over possible assumption of federal

regulation by becoming an "agreement state."

SOLID WASTE

Note to reviewers: This section is incomplete at this time. In general,
it surveys three potential solid waste energy sources: urban solid waste, wood
waste, and agricultural waste. The probability of significant energy uses of

solid waste appear low at the present time.
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SOLAR ENERGY

"Solar energy is an essentially inexhaustible source potentially capable
of meeting a significant portion of the nation's future energy needs with a
minimum of adverse environmental consequences ... The indications are that solar
energy is the most promising of the unconventional energy sources..."*

Solar energy has the potential of providing an almost unlimited supply of
energy, provided we can develop the technology to use it economically. Approx-
imately 2,000 Kwh (or two billion calories) per square meter of solar radiation
fall on U.S. deserts annually. Assuming five per cent efficiency of collection
and conversion of the sunlight, an 8,000 square mile plot of desert solar-
energy-collectors would be required to supply the electrical energy consumption
in 1970.

Solar-energy is clean, self-sustaining and is the most abundant source of
energy on earth. However, it also is difficult to collect and store, using
today's technology, it is of low intensity, and it is not dependable. Solar
radiation is only available in significant quantities during daylight hours
and its intensity varies from hour to hour, day to day, season to season, and
place to place on the earth.

Solar radiation is measured in langleys** with an instrument called a
pyranometer at two stations in Montana - Great Falls and Glasgow. Montana,
on the northern border of the ideal solar belt (the area between latitudes of
15° and 350 north and south of the equator), receives the equivalent of from
114 langleys (in December) to 633 langleys (in July) of solar radiation per
day. The average insolation rate is 350 langleys a day.

Testimony of Dr. A. Eggers of the National Seience Foundation before the
Senate Interior Committee on June 7, 1972.

One langley equals one calorie/cm? - min. or 3.69 BTU/ft2 min. or .0698
watt s/cm2
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During the winter when the heating load is greatest, the insolation
load is least. However, even during January, the solar energy striking 200m<
(the size of the roof of a small house) is 1% times the amount needed to
heat a 15,000 BTU/DD*** house. Not all of this energy can be transferred
directly into space or water heating because of the conversion losses of

solar energy devices.,

Conversion Processes

Solar energy conversion processes are classified as heliochemical, helio-
electrical, and heliothermal.

The heliochemical process is a process by which the solar radiation is
utilized directly by plants (photosynthesis) and indirectly by animals -- a
vital process in an agricultural state. Our existance depends upon the
photosynthetic process. Plants supply us with food energy as well as an

oxygen-rich atmosphere. Plants are also a potential energy source. The

heliochemical process is used in some sewage treatment plants. In fact, one -

pilot plant in California is using solar energy to produce large quantities
of algae which is grown on and thereby treats sewage. The algae is then
marketed as animal feed.

The helioelectrical process converts solar radiation directly to electricity,
utilizing solid state devices such as photovoltaic cells. The application of
this technology has been limited because of the high cost and low efficiency of
the collector system. (The average efficiency of the solar cells is ten per
centl). Also adequate large-scale power storage systems have not been developed.
The adoption of large-scale helioelectrical conversion may present land use
conflicts (the solar collectors take up a large land area unless the facility

is located in an area with no other viable land use options.)

*** British Thermal Units per degree day data based on Great Falls information. —
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The heliothermal process absorbs incident solar radiation on a surface
and utilized the energy in the form of heat. Systems employing this process
are further classified as high~temperature or low-temperature systems. High-
temperature systems employ a focusing collector that must track the sun and
that concentrates the solar energy on a surface located at the focal point
of the collector. These systems are in the research and development stage.
Low-temperature systems utilize a flat plate collector oriented in an opt imum
fixed position. To date, systems have been developed for providing hot water,
space heating, and air-conditioning.

Hot water systems are the only solar systems sold commercially in the
world today. Markets exist primarily in Australia and Israel but are in-
creasing rapidly in other developing counties.

In Australia, a solar hot water system costs about $300 and will provide
between 60 per cent and 90 per cent of the hot water needs of a family of our
with an efficiency of 40 per cent.”

Markets have not developed in the United States in the past because of the
low cost of energy.

Space heating systems are not as well developed as water heating systems;
however, there are several demonstration projects in the United States and

throughout the world.

Air-conditioning systems are in the research and development stage and

are still very costly.

Market for Solar Energy

Within 5 years, many scientists believe, solar-powered systems for heating
and cooling homes could be commercially available at prices competitive with

gas or oil furnaces and electric air conditioners. Still more significant,
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but farther in the future, may be means of using heat from the sun to generate
electricity; experimental solarthermal units have been constructed in several
countries, and several groups in the United States are designing systems to
take advantage of improved materials and manufacturing techniques. Eventually
the direct conversion of solar radiation to electricity by means of photo-
voltaic cells or its bioconversion to wood, methane, or other fuels on a large
scale may become economically feasible.

Use of solar energy for individual homes in Montana is contingent upon
the commercialization of moderate or low cost solar water or space heating
devices, the relative cost of competitive energy forms (gas, fuel, oil,
electricity), and the amount and reliability of sunshine in Montana. The
physics department of Montana State University is studying the feasibility of
solar energy for Montana. Much more data (e.g. isolation rates) must be
gathered before an accurate assessment of the availability and feasibility of
solar energy for Montana can be made.

The market in the United States for solar energy should improve in the
near future. Both the cost and the consumption of energy are continuing to
increase. There is also increasing environmental pressure for cleaner systems
and a greater concern for energy conservation. Moreover, the federal govern-
ment has significantly increased the research and development budget to improve

solar energy technology.

Environmental Impacts

Solar energy does have potential environmental problems. Individual home

heating and cooling systems would probably present few problems other than the

of
taking up/ space.
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Collecting surfaces absorb more sunlight than the earth does, and while
this is not likely to alter the local thermal balance in household or other
small-scale use, the larger expanse of collecting surface in a central power
plant might. Thermal pollution will also be a problem if water-cooled turbines
are used -- indeed, more so than with nuclear power plants because solar in-
stallations are expected to have even lower thermal efficiencies. If waste
heat is returned to the atmosphere, it could help to restore the local thermal
balance. The effects of small changes in the thermal balance would depend on
the local meterorological conditions, but are expected to be small. The lack
of particulate emissions or radiation hazards might allow solarthermal power
plants to be built close enough to towns or industrial sites so that their
waste heat could be put to use. Finally, like other industrial facilities,
large-scale plants would also carry some risk of accidents, with the attendant

possibility of leaking heat transfer or storage media into the environment.3
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WIND ENERGY

Like solar energy, wind energy has the advantages of being nonpolluting and
renewable, and the disadvantages of being intermittent, unpredictable, and diffuse.

In view of the planet's decreasing reserves of conventional, non-renewable
energy reserves, wind energy and other renewable energy souces should be considered,
even though their use might only be as auxiliary energy. Professor Heronemus,
professor of civil engineering at the University of Massachusetts, a leading authority
on wind power has summed up this‘position well: "Combination is the answer; the
nation can no longer afford to rely solely on one energy source solution (nuclear
power plants). We have to explore every possible energy idea." Interest in
harnessing wind energy has been slight due to the low cost of other energy. Now,
however, because of the rising cost of other forms of energy, the use of wind
power is being examined for technical and economic feasibility. The National
Aeronautics and Space Administration is developing a rooftop windmill for homes
to provide an auxiliary power source.

Some Montana ranchers and farmers have harnessed the wind for mechanical
energy. The mechanical engineering department at Montana State University is
investigating the technical feasibility of a tracked-vehicle wind energy
conversion system operating on the principle of the sailboat. If, after further
study, the utilization of wind energy in Montana appears economically and technically
feasible, incentives could be given to ranchers and farmers to develop wind systems

as auxiliary power sources.
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INDUSTRIAL SECTOR

Industry used 42 per cent of U.S. energy in 1969. The principle consumers,
accounting for over half the industrial energy use, were primary metal industries,
chemical and allied products, petroleum refining and related industries.! More
than 46 per cent of the industrial energy used was in the form of natural gas,

26 per cent was coal, nearly 17 per cent petroleum, and more than 10 per cent

e]ectricity.2

Efficiency

A1l of the industrial sector (except for four industries--tobacco, apparel and
other finished fabrics, lumber and wood and printing, pubTishing and Tike industries,
consuming as a group only 2 per cent of the U.S. industrial energﬁ has increased
energy efficiency in the past 10 years. In other words, there has been a decrease
in energy consumed per unit output.3 The design of electric power generation and
chemical plants theoretically incorporate energy effectiveness by considering both
initial and operating costs. However, especially in small industries, energy is
not considered to be a significant production cost. Sometimes it is less expensive
to leak energy than to correct the situation, especially in Montana where both
natural gas and electricity have been cheap. However, the use of energy may decrease
as the price of energy increases. Already, some Montana industries are conducting
studies on energy efficiency conservation.4

Energy-Intensive Industries

Because energy has been plentiful and inexpensive in Montana, energy intensive
industries have been attracted to the state. This trend cannot continue indefinitely,
however, In the future, it will become increasingly important to analyze the energy

demand along with the environmental impact of new industries.



These questions need to be considered concerning existing and future industrial

development:

What are the major industrial ener

they consume?

How does industrial energy use affect the environment?

gy consumers and how much energy do

To what extent do the existing industries provide direct employment and
income as well as secondary economic contributions?

How are industries interdependent inenergy use and needs?

What industrial energy policies can be used to minimize economic impact of

energy cutbacks?

Industry and the Economy of Montana

Montana's economy has been sluggish.

above the national average in 1950 to 12 per cent below the national average in

Per capita income fell from 8 per cent

1970.° 1In addition, Montana historically has had relatively high unemployment and

a net decrease in population from emigration.
growth industries are primarily export ones:

railroads, and tourism.

One reason for this is Montana's

agriculture, mining, forest products,

Examination of these industries explains the economic lag.

Table I--Primary Employment in Montana

Annual Average

1950
Agriculture 52,800
Mining 10,200
Manufacturing 18,000
Wood Products 5,400

Other
Manufacturing. 12,600

Railroads 14,000

Federal Govern- 8,300

ment(Civilian)

Total primary 103,300
employment

Source: Wood Production in Montana, Maxine Johnson;

1960
39,200
7,900
20,600
7,400

13,200
9,000
9,900

86,600

1970
34,800
6,600
23,900
8,700

15,200

6,600
11,900
83,800

Vol. 10, No. 2, Spring 1972

1950-1960
-26
-23

14
37

5
~36
19
-16

Per Cent Change

1960-1970 1950-1970

-11
-16
16
18

15
~27
20

= 3

Montana Business Quarterly

-34
~35
33
61

21
-53
43
-19



153

Agriculture

Agricultural employment has declined over the past 20 years from 25 per cent
of the labor force in 1950 to about 13 per cent in 1970.6 One reason for this
decline was an increase in output per man-hour from increased use of technology.

More efficient and more mechanized farms have resulted. The number of
acres farmed in the U.S. and Montana remained fairly constant the Tast 30 years as
farms became more industrialized. However, the number of farms and farmers decreased.

Table II--Trend in the Size of U.S. Farms (1971

Year Acreage
1940 161
1960 297
1970 400

Source: Statistical Abstract of the United States (Department of Commerce).
Increasingly, large amounts of energy are needed to plant, grow and harvest
Montana crops. In 1969, farms here used 24,940,000 gallons of diesel fuel and
66,060,000 gallons of gaso]ine.7 Large amounts of energy also were needed to
mine, produce, transport, and spread the 150,579 tons of fertilizer used on
Montana farms the same year.8 A shorage of fertilizer here could have a nationwide
impact because Montana is the second Targest wheat-producing state.?
Another potential energy-related problem facing agriculture is possibility
of fuel shortages at planting and harvest time. Although fuel allocation programs
have placed a high priority on the use of fuel for agriculture, a delay of even a
few days could mean crop losses. Farming is the backbone of Montana's economy
(a billion-dollar industry) so local economic disaster and food shortages on a
national Tevel could result from a lack of fuel at harvest time. However, Montana
uses only oil from domestic and Canadian sources, and agriculture has high priority

for fuel deliveries, so a widespread fuel shortage in agriculture is unlikely.
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Here is an account of fuel deliveries in 1970:

Amount of Fuel

Fuel Number of Farms (1,000 gallons)
Gasoline 20,290 19,827
Diesel 12,712 7,471
L.P. Gas 5,168 1,297
Butane 5,168 15297
Propane 5,168 1,297
Motor oils 20,522 2,858
Piped gas 20,522 2,858
Kerosene 20,522 2,858
Fuel oil 20,522 2,858
Source: C. Meyer, Montana Department of Agriculture
Fuel Consumption by Vehicles on Farms in Montana (1969)
Vehicles Diesel Fuel Gasoline
(Thousand gallons) (Thousand gallons)

Wheel tractors 20,400 17,900
Crawlers 4,000 760
Trucks 240 23,900
Combines 130 6,400
Autos and Misc. 170 17,100

Total 24,940 66,060
Source: C. Meyer, Montana Department of Agriculture

If prices for grain and livestock remain high, farming probably will remain
Montana's leading industry, but employment in agriculture is unlikely to increase.
Both the number of farms and the acreage used for agriculture are decreasing. (From
Jan. 1, 1970 to Jan. 1, 1974, the number of farms declined by 1,500 and the acreage
in farms by 1.7 million.!0)

Manufacturing

Manufacturing industries in Montana are based primarily on processing of
raw materials.

The wood-products industry has become increasingly important to the state
economy. Between 1970 and 1973, about 1,000 workers were added by the state's
lumber and wood products employers, although a nationwide housing slump is reversing
this trend. Wood products industries provide about one-third of Montana's manufacturi.

jobs.
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Cutting trees and converting them to Tumber does not use much energy, but
converting them to plywood or paper does. Continued supplies of natural gas from
Canada are said to be vital to expansion plans in the wood-products industry.
The primary metals industry has experienced slight declines in employment
because of energy shortages and the closing of the Anaconda zinc and wire mill in

Great FaHs.]2

The Anaconda Aluminum Plant in Columbia Falls has an interruptible
contract with the Bonneville Power Administration and was forced to cut back
production and lay off workers because of BPA electricity shortages in 1973.

caused by drought and low reservoir levels behind the BPA's Columbia River dams,

the shortage rapidly disappeared during the winter of 1973-1974.]3 Employment at
Columbia Falls is back to normal, but the primary metals industry remains vulnerable

to employment Tosses from electricity or gas shortages.

Tourism

Fuel shortages and high gasoline prices could have an economic impact on
Montana by reducing tourism. There has never been an accurate determination of
tourism's contribution to the state's economy, but it is probably substantial.
Tourism has encouraged the building of new motels and restaurants--a boon to the
construction industry.

Tourists also help support workers in the service sector. Hotels, motels,
and restaurants provide about 10 per cent of the jobs in the state,]4 but these
are predominantly low-paying.

Blessed with a low population, adequate federal allocations, and nearby
sources of petroleum, Montanans have been spared the gas lines and shortages of
other Americans. Gas shortages may discourage out-of-state travelers, but travel
by state residents may be less affected.

Railroad Employment

Railroad employment has declined over the past 20 years because of increased
automation and the shift from steam to diesel engines, but increased rail movement

of coal and expanded passenger service may help.

}



Energy Consumption and Conservation in Spnecific Industries

Copper Smelting and Refining

The copper smelting process consists of reverberatory furnacing and converting
(roasting may precede these steps). The reverberatory furnace can be fueled by
0il, gas or pulverized coal. (Coke, a product of coal, was used in older furnaces;
electric furnaces are planned for some new smelters. An average fuel requirement
for smelting (although it varies widely) is 375 kilowatt-hours of electrical energy

and 32,000 cubic feet of natural gas per ton of crude copper.15 Refining-either
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by electrolysis or in a final reverbatory furnace--is necessary to remove impurities.

One estimate of energy requirements for electrolytic refining is 615 kilowatt-hours
of electricity and 4,700 cubic feet of natural gas per ton of refined copper.]6
Expressed in terms of heat energy, copper smelting and refining uses 40.1 million
BTU per ton of market copper.]7 (Combining smelting, 33.3 million BTU and refining,
6.8 million BTU.) This is a very rough estimate as there is no typical energy use
factor for the copper industry.

With increased pollution control demands on industry, smelting processes

are likely to change. Lower smelting costs, improved pollution control and lower

energy consumption could result from:

i bypassing the reverberatory step

2 flash smelting

3. autogenous smelting (with oxygen and enrichment)
4. expansion of the Arbiter process.

Suggested conservation measures for copper include recycling (recycling of
coppor scrap uses less energy than producing copper from ore), and use of more
efficient equipment. The Anaconda Company, which consumes a large amount of Montana
energy, is studying processes which are more energy-efficient than existing ones.] -
ATuminum

Aluminum production required more electrical energy per ton than any other

primary metal. Alumina, its ore, is reduced in a molten bath. The carbon-lined
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steel reduction cell holds a mixture of ore and a cryolite so that electrical current
can produce molten aluminum at a cathode and oxidized carbon at an anode. The
aluminum, poured into ingots, is 99.5 per cent pure.

Most of the energy consumed in aluminum reduction is electrical. The amount
needed varies, but it averages about 46.7 million BTU per ton (at 3.4 BTU per
kilowatt-hour). The total consumption of power and fuel in aluminum production
is about 55 million BTU per ton, accounted for by including the reduction process
and, among other things, energy-intensive materials used to construct the electrolytic
cells.

Once in the marketplacej however, it takes only about 8.5 million BTU per ton
to melt down and re-refine aluminum scrap; processing of wrought aluminum consumes

12 million BTU per ton. 2

Recently, the American Aluminum Company announced a

method to reduce energy consumption in aluminum refining by 30 per cent. This

could have application to the Anaconda Aluminum Company plant in Columbia Falls,
which consumes much of the BPA electricity generated in Montana, but the environmental

impact associated with the new process should be studied carefully.

Pulp and Paper Industry

A major consumer of electricity and natural gas in Montana is the pulp and
paper industry, Hoerner-Waldorf corporation's Missoula paper mill is a prime
example. Paper and pulp industries consume 5 per cent of U.S. industrial energy;
of this energy, 10 per cent is used for mechaical devices and 90 per cent for heat.20
The average U.S. efficiency of energy conversion in this industry is about 60
per cent.?! Suggestions for energy conservation include tax incentives for purchasing
new, more efficient equipment or repairing old equipment.

Petroleum Refining

Energy is required to produce the more than 200 different crude oils and the
more than 1,000 petroleum products used in our mobile society. The energy used

in refining processes varies with each plant (there are more than 100 different

refining processes). On the average, it takes 11 BTU of energy to refine every
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100 BTU of crude.22 The major energy sources used in petroleum refining are:

Energy Sources in 0il Refining

N’
Amount used per Percentage of total energy
Energy Source barrel of crude used in refining process
Natural gas .26 million cubic feet 38
Refinery gas .25 million cubic feet 34
Petroleum coke .003 tons 13
Fuel oil .01 barrel 10

Source: Patterns of Energy Consumption in the U.S.(Stanford Research Institute)
About 94 per cent of the energy needed to refine oil comes from these fuels
to make heat and steam used in the process. The remaining energy is consumed as
electricity, which some refineries generate by steam powered turbine-generator
systems. Montana refineries buy from utility companies.23 The turbine-generator
method seems to be more energy-efficient because its hot exhaust can be reused,
in the distillation process. Utility power plants dump waste heat into rivers or
the atmosphere. However, most electricity used in refineries powers air conditioning,
space heating lighting and instrumentation systems, and not refining itself.
Agriculture
The Tatest agricultural census showed nearly 25,000 farms in Montana with
an average size of about 2,500 acres [considerably 1larger than the U.S. average),
and covering a total land area of 62,918,253 (almost 70 per cent of the land). Of
the total about 1,841,000 acres was irrigated on ahbout 9,000 farms .24
Energy use connected with agriculture includes the manufacturing and operation
of farm equipment, the manufacturing and application of fertilizers and other chemicals,
irrigation, and of course, photosynthesis, which uses solar energy.
Energy was used to manufacture and spread the 150,579 tons of commercial
fertilizers used on Montana farms in 1969. Composting with manure, sewage sludge,
and food processing wastes is an excellent use of material which would probably
otherwise be wasted (perhaps adding to water pollution). Waste treatment to prevent
pollution, of course, requires energy. In addition, composting reduces the use of N

manufactured fertilizers which require large amounts of energy to produce.
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Conservation of Energy in Industrial Use

Here are a few of the many ways industrial users of scarce energy supplies
could save money and natural resources too:

1. Reschedule work hours, production and other opemtions to periods
of less intense energy demand. Ask the utility for a discount for off-peak energy
use. Refrigeration equipment could be started earlier than usual.Set thermostats
to save energy in water heating and cooling, insulate pipes.

s Reduce maximum Toads on heating and compressing equipment by modifying
the electrical supply. Efficiency in belting and shafting should be reviewed.

3. Use standby generators during critical peak energy use periods (this
doesn't save much energy but it relieves a typical stress on overloaded utility
systems).

4. Use photosensitive switches and timers to control outdoor security,

decorative and convenience lighting.

5. Reduce blower ventilation wheneverpossible and consider using natural

ventilation. Prefer localized, rather than general plant systems.

6. Eliminate unnecessary lights and reduce excessive illumination.
7. Set space heating thermostats to save energy and protect health (too

much heat and cold reduces work efficiency and can aggravate illnesses).

8. Maintain equipment on regular schedules and keep things clean enough
to spot inefficiencies and leaks.

9. Consider advanced design of plant systems to use waste heat, heat
wheels and heat pumps. Capital investments here can frequently be recovered in
energy savings in the long run.

10. Insulate your buildings.
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RESIDENTIAL SECTOR

During the 1960-1968 period, U.S. residential energy use increased annually —
almost 5 per cent (compared to a toal energy use increase of about 4.5 per cent).]
Asimilar trend of increasing residential energy is found in Montana and is expected
to continue.

Twenty per cent of the U.S. total energy and 34 per cent of the U.S. electrical
energy is consumed by the residential sector.?2 Space heating and cooling, cooking
and refrigeration account for almost 90 per cent of the residential use.>

The residential and commercial sectors account for 19.4 percent of the total
energy consumed in Montana.’ According to the Montana Power Co., the average annual
use of electricity for individual Montana homes (including cabins and summer homes)
is 526 kﬂowatt—hours.5 Homes consume 17 to 20 per cent of the total electricity

sold in Montana and residential customers comprise 85 per cent of the total number

6

of customers.” In 1970, gas sales (including natural, manufactured, mixed and

liquid petroleum gas) in the residential sector account for 34 per cent of the total

gas sold in Montana;7 residential customers were more than 85 per cent of the total
number of gas customers. (Table II in the total energy section shows that in 1971,
42.3 per cent of the natural gas was sold to household and commercial consumers).

Collectively, consumers could realize a large energy savings if they choose
to conserve energy.

"Consumer education has the greatest potential for impact on the
energy conservation needs of the nation. If consumers can be aware
of the energy utilization characteristics of the appliances and
equipment which they buy, they will consciously seek the more

energy efficient items. Furthermore, if consumers become energy-
wise in the way in which they operate their appliances and equipment,
they can achieve substantial reductions in energy consumption.

I would venture to say that the electrical bills for two identical
houses, next to each other, but with different families in them

can differ by as much as 50 to 100 percent, depending upon the
thermostat settings, how many times the children may leave doors

or windows open, whether or not kitchen exhaust fans are used,etc.

A slight improvement in the efficiency of an air conditioner or an
appliance will not make nearly this much difference." * -

*Excerpt from an August, 1973 letter from Herbert Bilkey, Asst. Managing Director,
Air Conditioning and Refrigeration Institute.
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Space Heating is the largest user of residential energy. By 1980, it

will account for 2/3 of the total U.S. residential and commercial energy use.8
Virtually all Montana homes have some heating equipment. Over two-thirds
of the heaters burn utility gas, one-seventh burn fuel oil or kerosene.9 Fewer

than one home out of 25 have électric heat.

Table I--Type of Heating Fuel in Montana Homes (1970)

Fuel No. of Households Per Cent
utility gas 151,104 70
fuel o0il, kerosene, etc. 29,850 14
coal or coke 4,531 greater than 2
wood 4,113 less than 2
electricity 8,464 less than 4
bottled, tank, or LP gas 18,503 8
other fuel 720 1
none 19

Source: Detailed Housing Characteristics. (Bureau of Census, Department of Commerce)

Heating Alternatives

Electricity is non-polluting at the point of use, but inefficient in conversion,
transmission, and distribution. Electrical resistance heating efficiency is 100
per cent efficient at the end use, but only about 30 per cent efficient overall
considering power plant and transmission line losses*.

Gas or oil-burned heating systems have efficiencies of 40 to 80 per cent.
Drawbacks include the necessity of cleaning the furnace regularly to maintain
high efficiency, and the expense and scarcity of natural gas.

It is possible to build solar heated homes now, but expensive. However, rising
gas and electricty costs may make solar energy competitive. Montana solar homes
would need backup systems, using conventional fuels, for extended bad weather.
Consumers also may object to the higher initial cost of solar equipment. (A tax
incentive, however, might make solar homes more attractive.)

*Thirty-three per cent efficiency for conversion in power plants times 91

per cent efficiency in transmission and distribution times 100 per cent end-use
efficiency of electrical heating equals 30 per cent total efficiency.
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The use of geothermal energy for heating involves many technical problems
but at least one rancher in eastern Montana is using hot water from the earth to
heat his home.

Most buildings require primarily low-energy heat (space heating requires
air temperature 28°C and water heating temperature of 60-65°C, which is less
than the temperature of cooling water or steam of power plants). It therefore
makes sense to use low-energy heat for such uses (if it is economically and
technically feasible) rather than high-energy heat. For example, heat from
Tighting, air conditioning, and refrigeration can be reclaimed to use for space
heating. Hot water or steam from power plants can be used for space heating of
whole residential districts.

Supermarkets could use waste heat from their large refrigeration units for
space heating during the winter.

The heat pump, another energy-conserving space heating device, has an overall
efficiency of 60 per cent (about the same as a gas-fueled furnace) and is not
expensive when installed in conjunction with central air conditioning.

Additional space heating conservation measures include tightening up control
on FHA insulation standards; formulating insulation standards for state building
codes; and allowing tax deductions for home energy conservation measures (planting
trees for weather breaks and shade;re-insulating older homes, purchasing storm
windows ,etc.).

Utility or cooperative extension service consumer tips also are helpful in
promoting consumer conservation (e.g. leave thermostat at 70 degrees or lower during
day; turn heat down at night; turn heater off during vacations; clean furnace filters
periodically; close doors to unused rooms; close damper when chimney not in use;

caulk and weather strip cracks; draw curtains).
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Water Heating

Watér heating is a second major residential energy user. In 1968, 92 per cent
of all U.S. households had gas or electric water heaters (only 74 per cent had them

in 1960). "]

About 70 per cent of the water heaters were gas, 25 per cent electric.!?
In Montana, 97 percent of all homes had water heaters in 197013 Over 60 per

cent were gas and 30 per cent were electric. !4

Table II--Water Heaters in Montana Homes (1970)

Fuel No. of Households Per Cent
Utility gas 134,503 62
Fuel o0i1, kerosene, etc. 726

Coal or coke 124 1
Wood 652

Electricity 64,323 30.
Bottled, tank, or LP gas 10,704 5
Other fuel 145 less than.1
None 6,127 3

Source: Census of Housing (Department of Commerce)

The annual average energy consumption for water heaters has gone up since
1960 for both gas and electric devices, probably due to increasing use of dish
washers and automatic washing machines.

Conservation measures for hot water heating include running washers and
dryers with full loads only, fixing leaky faucets, showering instead of bathing,
using alternative water heating such as solar or geothermal, installing the water
heater as near the point of use as possible, insulating hot water pipes, and
Towering the water temperature setting.

Space Cooling

Space cooling accounted for about 30 per cent of U.S. residential energy use
in 1968, triple their consumption in 1960. 15 Only 40 per cent of residences had
space cooling in 1970, so energy consumption for air conditioners will probably
continue to rise as the market expands.]6

Only about one out of every 12 homes (less than 10 per cent) in Montana has

air conditioninq.17 Most are electric (see Table III).
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Table ITI--Air Conditioning In Montana Households (1970)

Type No. of Households Per Cent
Room Unit 15,049 6 -
Central System 6,929 2
None 240,753 91
Source: Census of Housing (Department of Commerce)
Montana Power estimated monthly electricity consumption of residential air
conditioners:
To estimate kilowatt-hours used in average residential installation:
ks Determine size in kilowatts from listing.
25 Multiply KW by number of hours of potential use by month and locality.
Central Window Unit
3 Ton 36,000 BTU/Hr 5.5 KW 6,000 BTU/Hr 0.719 KW
3 Ton 24,000 BTU/Hr 3.5 KW 8,000 BTU/Hr 1.35 KW
11/2 Ton 18,000 BTU/Hr 2.6 KW 10,000 BTU/Hr 1.6 KW -
12,000 BTU/Hr 1.85 KW
15,000 BTU/Hr 2.3 KW

Area
Billings
Bozeman
Butte
Great Falls
Havre
Helena
Lewistown

Missoula

May
40

10

Average Hours of Operation

June July August Sept. Season Total
100 230 240 90 700
45 135 140 20 340
40 110 125 15 290
65 160 180 45 465
80 175 195 55 530
60 160 170 30 430
30 110 160 40 345
75 165 180 35 465
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There are about 1,400 room air conditioner models sold under 52 brand names.
Efficiencies of the window units range from 41.7 to 12.2 BTU/watt-hour: thus the
Teast efficient air conditioner consumes 2.6 times as much electricity as the most
efficient one, although each achieves the same cooh’ng.]8 The efficiency rating
for most central air conditioning systems is about 8.5 BTU/watt-hour, or about 30
per cent more efficient than the best window unit.

The decision to purchase an air conditioner based upon cost often makes a
significant difference in the lifetime energy requirements. For example,

"The least expensive version of an air conditioner will usually require

twice as much energy per unit of cooling load (compared to more

expensive models) due to reductions in condenser and fan size.

Regulations specifying certain minimum efficiency levels could

result in perhaps a 40 per cent energy saving over the_ life of such

appliances, with resulting savings in operating costs.19"

Here are conservation suggestions for air conditioning:

1 require prominent labeling of efficiency (BTU/watt-hr.) and cooling

capacity on all air conditioners sold in Montana.

2s require efficiency and cooling capacity information in advertising.

3. require units comeing into state after 1975 to meet minimum efficiency

Tevel and be thermostatically controlled.

4. give tax incentives for planting trees and shrubs for shade around homes.
8. raise thermostat to 78°F.

6. close doors to unused rooms.

7 turn off unnecessary lights (they are 1ike a heater in the room).

8. keep condenser coils on air conditioner clean.

9. improve insulation (see section on heating).

Food Preparation

Seventy per cent of the cooking ranges in the U.S. were gas in 1968; 30 per

cent were e]ectric.zo

21

In Montana, the ranges were 65 per cent electric, 25 per

cent gas.



Table IV--Cooking Ranges in Montana (1970)

Fuel No. of Households Per cent

Utility gas 54,447 25 ~
Electricity 142,739 66

Bottled, Tank, or LP gas 14,329 7

Fuel 0i1, kerosene, etc. 2,862 1

Wood 563

Coal or coke 895 1

Other fuel 184

None 1,285 1

Source: Census of Housing (Department of Commerce)

Here is the estimated power consumption for some electric cooking appliances:

Table V--Electricity Consumption of Appliances (1972)

Appliance Average Wattage Estimated Use Consumed Annually
Broiler 1,436 80 min/wk 100 Kwh
Frying pan 1,196 26 min/day 186 Kwh
Hot plate 1,257 12 min/day 90 Kwh
Range 12,207 16 min/day 1,175 Kwh
Roaster 1,333 25 min/day 205 Kwh

Source: Patterns of Energy Consumption in the U.S. (Stanford Research Institute)
Dinner preparation contributes to the daily peak load which occurs around -
6:00 p.m. Cooking meals before or after the daily peak period shoutd be encouraged.
Other conservation measures include covering pots and pans while cooking, turning
the oven or range off slightly before food is done and allowing the food to cook
with the remaining heat, thawing frozen foods before cooking and baking other foods
while baking main dishes. Microwave ovens, electric fondues, waffle irons, electric
fry pans and grills are often more efficient than range or oven cooking. Energy
also can be saved by energy-conscious design and construction of ovens.
Refrigerators were found in 96 per cent of U.S. homes in 1968 (almost all

)22

were electric)®, and about 94 per cent of Montana homes in 1970.
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Here is the estimated annual electricity consumption for refrigerator units:

Appliance Average wattage Per cent of time Est. Annual
in operation Consumption(KWH)
Food freezer (15 cu. ft.) 341 40 1,195
Food freezer (12 cu. ft.) 440 46 1,761
Refrigerator (12 cu. ft.) 241 34 728
Refrigerator (12 cu. ft. frostless) 321 43 1,217
Refrigerator-freezer (14 cu. ft. ) 326 40 1157
Refrigerator-freezer (14 cu. ft. 615 34 1,829

frostless)
Source: Edison Electric Institute
Freezer sales in the U.S.increased at an annual rate of 1.7 per cent from
1960 to 1969.2%
Montana's 1970 census lists 94 per cent of Montana homes with complete kitchen
facilities (range or cookstove, installed sink and piped water, mechanical refrigera-
tor) 25 About 50 per cent of Montana households have home food freezers.Z6

Patterns of Energy Consumption In the United States

Patterns of energy consumption in the United States shows the energy consumption

of food freezers in kilowatt-hours:

Freezer Type Average Wattage Annual Consumption (Kilowatt-hours)
15 Cu. Ft. 341 1,195
15 Cu. Ft.(frostless) 440 1,761
Average 1,478

Conservation measures applying to refrigeration devices follow:

1s require refrigerator labelling of efficiency and wattage.

2. open refrigerator and freezer doors only when necessary; close door
immediately

3. use chest-type freezers rather than refrigerator type because they lose

less cold air when opened.
4. buy refrigerator without automatic defrosting and automatic ice cube maker.

It is estimated that 40 per cent of all U.S. households had clothes dryers

in 1969.26  Two-thirds of the dryers were electric and one third were gas.27
About 55 per cent of Montana households have clothes dryers; 94 per cent of

them e]ectric.28
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Conservation measures include the following: ;

1. require labelling of energy efficiency
2: use clothes 1line when possible N
3 dry only full loads

Dishwashers were found in 20 per cent of U.S. homes in 196929 Twenty-three
per cent of Montana homes had dishwashers in 1970.30

Energy conservation for dishwashers includes labelling of energy efficiency,
washing only full loads of dishes, using proper detergent.

Ninety per cent of U.S. households have at least one television set.3] Thirty

per cent of the homes have color sets, which use 30 to 40 per cent more energy than

32

black and white sets. The U.S. energy consumption in 1968 to energize television

was 352 trillion BTU. More than 90 per cent of Montana households have at least
one television set.33

Conservation measures include using black and white televisions instead of
color sets and turning off the set when it is not in use.

N

Lighting consumes 24 per cent of all U.S. electricity sold and accounts for

1.5 per cent of national energy consumption.34

Suggested conservation measures:
1. change current design philosophy which maintains uniformly high Tight

Tevels, to a conservative approach directing most light to the work
area. This measure may reduce lighting energy consumption by 50

per cent.

2. design building to make better use of natural lighting and to allow
for optional use of artificial 1ight; use minimum 1ighting necessary
for work.

3. use more fluorescent Tights which are three to five times more
efficient than incandescent bulbs based on bare bulb comparisons.35

4, choose Tighting fixtures and locations carefully.

5 turn lights off whenever possible
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Incorporating an energy consumption awareness into building design could

do much to conserve energy. Listed below are several building design conservation

ideals:
1. Area to volume ratio-Geodesic dome
A house with smallest exposed surface compared to its volume, loses
the least heat during winter and requires the least cooling during
summer. For the same floor area, two story houses are about 25
per cent more efficient than one story.
2 Building shape-Mandan Lodge
A round building has less surface area and therefore less heat gain
or loss than any other shape with same floor area; a square building
has less surface are than a rectangular one.
3. Shape and orientation relative to path of sun
a. Minimize amount of sunlight on south and west walls and windows
b. A rectangular building with short axis north and south has less
solar heat gain in summer.
c. Increase reflectivity of surfaces exposed to sun
4, Shade windows from direct sunlight by awnings, overhanging eaves, porches.
8. Insulation requires initial cost but saves fuel for heating and cooling
over the long run.
6. Use two layers of heat-absorbing glass (separated by circulating
air. gap) for windows exposed to sunlight to reradiate as much as
45 per cent of the solar heat.
s Solar Homes
a. Solar water heating would be good during sunny weather. But an
an auxilliary system is also needed in Montana for periods of
unfavorable weather
b. Solar space heating works even in Boston and New York, where
winters are cloudy. Solar space heating reduces other fuel
consumption used for space heating.
c. There is a need for an incentive for builders to incorporate solar
features into homes.
8. Ventilation improvements

a. Use natural air circulation

b. Use exhausted air from buildings in winter to melt snow on
sidewalks, driveways, and ramps by circulating exhaust warm
air through tiles under outdoor surface.



170

Use Tow energy or recycle material Tike Envirite, stone and wood
instead of high energy materials such as aluminum and brick.
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COMMERICAL SECTOR

Commercial users consume 15 per cent of the total U.S. energy budget;
over 50 per cent of this energy is for space heating and cooling! Commercial
1ighting alone comsumes 1/10 of the U.S. e]ectricity.2

In Montana, the commercial sector consumes 14 per cent of the total Montana
e]ectricity.3 It is difficult to determine the total commercial enerqgy
consumption in Montana because residential and industrial customers are often
included with commercial listings on energy sales figures.

Commercial energy use and efficiency patterns are also difficult to
describe because this sector includes so many different types of establish-
ments. Conservation suggestions, however, may include the following:

1. Building design and construction (offices, stores, etc.)

Designers could save energy and money by careful design using less
building material to meet safety standards. Design also should include
insulation, using adjustable windows for natural ventilation, orienting
the buildina according to sun and climate factors, using trees and
shrubs to cut down on summer sun and winter wind effects, installing
efficient heating and cooling equipment, redesigning 1ighting standards
(directing the 1ight to work areas rather than having a uniformly high
Tight level throughout the building), using less glass or using mirrored
glass, and using less steel and other energy-intensive materials for
construction.

2. Building Maintenance

There are several energy conservation opportunities in this area:
opening windows and doors for natural ventilation, reducing air condi-
tioning (most restaurants, for example, are too cold during the summer
due to excessive air conditioning), burning refuse for heat, using

heat of Tighting systems, heat wheels, heat pumps, and other total
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energy systems.

Outdoor electrical advertising

Energy would be saved by eldéminating electrical advertising after
business hours or destricting on the maount of enerqy consumed for
advertising purposes.

Business hours

Many businesses (especially grocery stores) stay open late at night.
During an electricity shortage business hours could be curtailed. However,

the financial repercussions of such curtailment must be considered.
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Transporting people and freight consumes one fourth of the total U.S5. energy.1
Including secondary transport activities such as fuel refining and manufacturing
transportation equipment transportation energy accounts for more than a third of
national energy consumption.2 Since 1950 there has been a 40 per cent increase
in per capita energy consumption for transportation and, since 1960, the total
U.S. consumption for transportation has increased 52 per cent.3 People are used
to being transported ever faster, more conveniently and comfortably, all at the

expense of efficiency.

Efficiency

During the past decade, there has been a decrease in overall transportation
efficiency (as measured in BTU per ton-mile), primarily because of shift from
waterway and railroad to airplane and truck transportation of freight, the shift
from buses and trains to automobiles to airplanes for passenger inter-city travel,
and the shift from mass transit systems to private automobiles for passenger inter-
city travel. The following tables from Eric Hirst's report show the comparison

of efficiencies in ‘cranxsporta’cionLF (taking into account load factors):

Table I -- Freight-Inter-City Table II -- Passenger-Inter-City
Mode Btu/ton miles Mode Btu/passenger-mile
pipeline 450 bus 1,600
waterway 680 railroad 2,900
railroad 670 automobile 3,400
truck 2,800 airplane 8,400
airplane 42,000

Table III -- Passenger-Intra -City

Mode Btu/passenger miles
bicycling 200
walking 300
bus 34860
automobile 8,100

The most efficient freight transportation modes thus are pipeline, water-

way or railroad. The least efficient modes are being used, however, because
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of the greater speed and flexibility of truck and air freight. The faster,

more convenient automobile and airplane are used primarily for inter-city travel
rather than the more energy-efficient modes such as trains and buses. For intra-
city travel, automobiles are vreferred over more efficient modes such as mass
transit, walking or bicycling. To add to the problem, the average number of
bassengers per vehicle is low: (2.4 per car for inter-city travel, 1.4 for
intra-city travel and 1.2 during rush hour).5

U.S. Transportation Fuel Consumption by End Use Sector and Fuel

The leading U.S. transportation fuel consumers are automobiles which
consume 55 per cent of the transportation energy; trucks, 21 per cent; and air-
craft, 7.5 per cent.6 Including energy uses such as manufacture of automobiles,
and production of gasoline tires, and oil, the energy consumption connected with
the automobile industry is 21 per cent of the U.S. energy budget.7

Petroleum accounts for 96 per cent of the total U.S. transportation fuel
use,8 which itself accounts for more than half the total U.S. petroleum con-
sumption. Current U.S. transportation fuel consumption is 6.8 million barrels
per day of gasoline.9 Electric power accounts for O.1 per cent of the trans-
portation energy (or .19 per cent if secondary electricity consumption is in-
cluded).lo

By 1985, it is projected that autos and aircraft, the less efficient trans-
portation modes, will use 73 per cent of the total U.S. transportation energy.
(The total transportation energy consumption itself is also growing). Due to
the increasing demand for petroleum products and the dwindling domestic supply,
much of our transportation fuel probably will come from foreign sources.

Montana Transportation Energy Consumption

Montana consumed 77.7 trillion BTU for transportation purposes in 1971,

most of which was in the form of petroleum products (see Energy Flow section).

N~
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The petroleum section discusses Montana transportation energy consumption

more fully.

Conservation Suggestions.

Perhaps one of the most important measures for transportation energy con-

servation is increasing citizen awareness. Citizens should be made aware of

conservation measures.

l.

2e

9.

10.

keep car tuned; be sure tires are properly inflated.

slow down (at 50 mph the "average" car uses about 80 per cent less

fuel than is used at 75 mph).

improve driving habits -- accelerate slowly and drive at consistent speeds.
warm up cold engine.

don't race the engine.

plan daily schedule to include a number of errands in one car trip
instead of making many small trips in the car during the day -- don't
idle while waiting for a passenger.

car pool if possible.

replace driving with walking or bicycling for short trips (side benefit
of health).

use city bus service.

don't unnecessarily use air conditioner or fan; accessories lower gas
mileage by as much as three miles per gallon in cities and two miles

per gallon on open highways.

It is important that citizens participate in transportation planning and

development. An example of citizen involvement in the transportation planning

process in Montana is the Missoula Bikeway Plan.

During rush hour, the average occupancy of automobiles is only 1.2 persons.

This is obviously very inefficient. Car pools are much more efficient. To set

a good example, state government should encourage car pools among its employees.
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Existing street facilities could be set aside for the exclusive use of buses
and car pools during rush hours, but this would depend upon the voluntary
participation of drivers. Insurance rate adjustments might serve as car pool
incentives.

Decreasing the number of parking facilities (by limiting future development
and decreasing the number of existing ones) or placing a surcharge on all-day
parking would discourage automobile travel to downtown areas and provide an
incentive to take the bus or use car pools. These measures, however, unless
carefully done, might shift business from downtown to suburban shopping centers.

The traffic signal systems of Montana cities should be coordinated to reduce
inefficient stop and go driving. The cities also should study revisions in
transportation plans to encourage efficiency -- (e.g. conversion of two-way
streets to one-way, elimination of parking on one side of street, development
of special bicycle lanes.)

Bike and pedestrian paths would make it safer and more enjoyable for people
to ride bikes or walk, and would reduce energy consumption too. There is a need
in most Montana cities for such pathways. Oregon, under its HB 1,700, requires
one per cent of state highway funds received by county, city or the commission
to be used for the development of city and statewide bike paths. This would be
useful in Montana.

One conservation measure defeated during the 1974 legislative session was
a proposal to tax new vehicles based on their fuel consumption. The lower the
fuel mileage the higher the tax. This would have encouraged consumers to buy
on the basis of gas mileage. This measure ignores certain inequities because
one person may buy a car with low gasoline mileage, not use it much, and, con-
sequently, consume less gasoline than a person driving a high gas mileage car

frequently. If this measure were to be implemented nationwide, U.S. manufacturers

)
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should be given time to compete effectively with foreign car manufacturers on
the basis of gasoline mileage (to avoid worsening the balance of payments
problem).

Increasing gasoline taxes would discourage waste or inefficient use of
fuel. It would be fairer than the tax on automobiles becausé\gnly fuel use would
be taxed. The measure's conservation effectiveness is dependeﬁt upon the price
elasticity of demand for gasoline. One disadvantage is that low income and fixed
income persons would suffer proportionally more than the rich.

Most automobiles use less fuel at lower speeds. (at 50 mph a car uses about
20 per cent less than at 70 mph). Montana has a new law for a state-wide speed
limit of 55 mph. The lower speed limit involves a trade-off between 1) speed and
convenience and 2) gas savings and safety. The increased travelling time and
cost for the trucking industry are two disadvantages to this limitation.

Electric vans would be a partial solution to the energy problem if clean
and renewable method for generating electricity were used (e.g. solar or geo~
thermal). First, electric vehicles are clean (there is a single pollution source
at central power plant, however ) and require little maintenance. Second, the
engine shuts off when the vehicle is not moving so energy is not used to idle.
There are, however, disadvantages. Electric vehicles are slow (30 mph maximum)
and need to be recharged often (about every 30-50 miles), and so aren't suitable
for inter-city travel. However, using them for Montana postal service, for milk

deliveries, and for other intra-city vehicles are sensible possibilities.

The Electric Vehicle News (February 1973) reports that the Cupertino,
California U.S. Postal Service uses electric postal vans., It takes about 14

kilowatt hours to power the vehicle for a normal mail route -- about 13 miles,
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The vehicles are recharged at night during off-peak electricity consumption
times. The cost to run an electric van is less than one-fifth the cost for
the conventional quarter-ton truck used for a similar route.

Improved rail service in Montana would encourage greater use of trains,
which are far more efficient than automobiles. Railway Magazine reports that
in 1971, U.S. railroads bought about half as much fuel as highway diesels (in-
cluding buses) and carried about 75 per cent more tons of freight per mile.

A reduction of the number of flights, and a corresponding increase in
flight distance (eliminating milk-run flights) would fill planes to greater
capacity for more efficient transportation. (However, short-haul trips, 250
miles or less, account for only 3.8 per cent of total passenger miles.)

About 50 per cent of the new oil sold to lubricate industrial and automotive
engines is disposed of each year. Waste o0il can be recycled into lubricating and
fuel oils. In 1971 the American Petroleum Institute reported that the capacity
of reprocessing plants was half what it was in 1965-66. There are several reasons
for this decline:

l. Additives in "high performance" lubricating oils complicate and

reduce the efficiency of the re~refining process.

2. Some state laws and military regulations prohibit the use of recycled

oil,

3+ The Excise Tax Reduction Act of 1965 exempts new lubricated oil used

in off-highway vehicles from taxes, but not re-refined oil.

It is possible to use a mixture of recycled and new fuel o0il in power plants,

but the cost of recycled fuel may exceed the price of new 0il and additives in the

used 0il may cause boiler problenms.
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.

0il recycling probably will not be widespread until the legal, technical

and economic restrictions are removed .

Other Conservation Suggestions

Containerized freight and computerized yard and interchange control greatly
increase freight movement efficiency and should be encouraged, as should develop-
ment of new lightweight diesel, stratified charge, gas turbine, Rankine, and
starting engines.

With the shortage of petroleum, new fuels such as methane, methanol, propane,
and ethanol from coal, hydrogen from nuclear energy (as in a hydrogen fuel economy),
and chemically stored hydrogen in magnesium hydride, ammonia and hydrazine have
become attractive substitutes. Serious problems with these types of fuel include
their bulk, fire and explosion hazards, and toxic combustion products. The
Transportation Energy R & D Panel of the Department of Transportation rates ethanol
second as an automotive fuel (next to gasoline and related petroleum derivatives).
Next are propane, methanol, and liquid methane. The other novel fuels are not so

attractive.



VIII. PROJECTED STATE AND NATIONAL ENERGY CONSUMPTION

"Tt is difficult to make predictions, especially about the

future."
=-Mark Twain

T It is important to emphasize the uncertainties inherent in any
attempt to forecast anything as complex as energy consumption, which
involves economic, political, social, environmental, and technological
factors, to name only a few things having influence on the energy
outlook. An accurate assessment of future consumption would require
identification of the most significant factors affecting consumption,
estimation of the future behavior of those factors, and evaluation
of the sensitivity of energy consumption to that future behavior.
Thus a forecast would have to envision the future performance of
such things as GNP and Gross State Production, prices and avail-
ability of various energy sources, general price levels, costs and
extent of environmental protection measures, business cycles,
inflation, rates of energy consumption per person and ner unit of
production, technological innovations, and so forth. Obviously,
expectations about each of these factors are subject to considerable
differences of opinion, as are evaluations of the sensitivity of
energy consumption to each factor.

It is a fact that in the past, reasonably accurate projections
have been made for energy consumption, such as those by electric
utilities, DBut the conditions which allowed projections of historical
trends to prove accurate in the past seem to be changing. We
appear to be entering a period of transition for energy prices

and supplies, for the national economy in terms of future growth
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and the relationship of inflation and unemnployment, and for social
and political attitudes about where the country is going and how
it should get there.

Rapidly rising energy prices are a new phenomenon, and they
are taking place at a time when price increases in other sectors
such as food, transportation, housing, and many other areas are
creating significant economic instability. Inflation has become
a dominating influence instead of an irritating abenration,l not
Jjust in the U.,S. but in most industrialized economies. Thus
pgst price projections, which are significant for most commodities,
including energy, are of dubious accuracy.

Serious supply shortages have recently developed, especially
in basic materials. The actions of the oil-producing nations with
respect to the supply and price of petroleum, and of Canada with
respect to the supply and price of natural gas, create considerable
uncertainty about the outlook for two of our major sources of energy.
Macroeconomics since Keynes has concerned itself with aggregate
demand; the supply side of the picture is now catching up, not only
contributing to rapid price increases but also limiting the ability
of the economy to grow, as evidenced by the economic downturn fol-
lowing the 1973 o0il embargo.

Economic forecasts made in November and December of 1973,
are far off;2 forecasters now cannot even decide on the trend of
the economy for the coming year, let alone five or ten years from
nows Thus, making projections about something as closely tied to
economic conditions as energy consumption is risky business,

Finally, we are probably just beginning the debate over our
national and regional goals, whether "more is better" should be

displaced by "enough is best", (The Ford Foundatiorn's phrases) ,
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whether the tradeoff between consumption and conservation will
tilt more toward conservation, whether the full social costs of
producing goods will be incorporated into prices for those goods,
what the nature and extent of environmental protection activity
should be, and what the implications of each of these questions
are for energy and the econony.

The purpose of the foregoing discussion is not to suggest
that we give up in despair over all the uncertainties involved
in attempting to project our future energy consumption, but to
emphasize that no one really knows for sure what will happen in
the next decade, and that predictions advanced by either side -
industry or conservationists - should be viewed accordingly. On
the other hand, both industry and conservationists have valid
and reasonable points to make, and an effort will be made to pre-

sent both sides without becoming advocate for one or the other.

II. Just as Montana's economy has to be viewed within the frane-
work of the U.S. economy, so must Montana's encrgy consumption be
viewed within the framework of national energy consumption.

The growth rate in the United States!' energy consumption neaked
in 1973 at 4.87% per year,3 a rate at which the volume of energy
consumption would double in 15 years. A number of factors have
led to this high rate of growth in consumption:

Until quite recently, energy was cheap compared to most other
commodities. The real price (in constant dollars, adjusted for
inflation) of energy actually declined in the neriod 19350-1970
(table 1). For example, the price of oil, which accounts for one

nalf of the energy consumed¢ in the U.S., rose ity only 20, from
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1948 to 1972 while the gencral price level rose 743,4 amounting

to a substantial drop in the real price of o0il. Similar declines
in the real prices of natural gas and electricity occurred. During
this period of declining real costs for energy, wages and incomes
were rising,5 leading to increased energy-intensiveness in pro=-
duction and increased use of energy-consunming products like larger,
less efficient autos, air conditioning, color televisions, frost-
free refrigerators, self-cleaning ovens, etc. In short, the past
20 years have been marked by greatly increased energy use, increased
quantities and varieties of energy-consuming products and a supply
of cheap and wastable energy. Estimates of the current energy
waste in the U.S. range as high as 257 to 402,6 which seems rather
high, but reflects the magnitude of the problemn.

Other factors contributing to heavy use of energy included:
~Promotional advertising which directly encouraged the use of energy
and indirectly added to consumption by promoting energy-consuming
goods,

-Development of the interstate highway system which brought a
rapid increase in long distance, high-speed auto travel,
-Subsidies to truck and air transportation which produced a shift
away from the more energy-efficient railroads,

~Passenger air fares which increased only 87 from 1950-1970 while
bus and rail fares increased 907 and 477 respectively,7

-Rate structures for natural gas and electricity which promoted
consumption by offering large-volume users significantly lower
prices,

-The growth of suburbia, encouraged by federal income tax breaks

and federal loans, which produced a soaring consumption of gasoline
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for commuting and higher consumption of energy for individual homes.,

With the exception of outright waste, no value judgements are
intended here about the factors which have encouraged energy con-
sumption; what may seem inappropriate in the light of our present
energy situation was not necessarily inappropriate five, ten,
or twenty years ago.

However, it is clear that times have changed, and while the U.S.
energy consumption could continue to increase at a rapid rate, say
4.5% per year,8 an easing in the rate of growth seems more prob-
able for several reasons:

The consenses among economists seemsto be that the recent in-
creases are just the beginning of a period of energy prices catching
up to a more realistic share of consumer expenditures. From April 1973 to
April 1974, the price of natural gas rose over 127; the price
of gasoline over 667%; #1 Fuel 0il, 100/; Diesel fuel, over 6077 ~—

Large increases in price will provide incentive for voluntary
conservation of energy. They will also make economical the
replacement of inefficient machines and methods,lO whereas in
the past it was often cheaper to waste energy than to replace
inefficient machinery. Rising energy prices may also encourage
substitution of labor and materials for energy,ll since these fac-
tors continuously compete as inputs in the productive process.

The magnitude of the pricec increases to come is, of course,
impossible to predict with certainty, but average increases of about
507 in the next decade are not unreasonable. The Stanford Research
Institute estimates prices in residential =arket s'rould increase
45 to 65 per year, rrices to commercial users should rise as a
rate somewhere between the two.l2 -

Persistent increases of this magnitude have not been experi-
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enced before, thus there is little empirical evidence for pre-
dicting the effect on consumption. And because of the lag in re-
sponse, the price increases of the last few years are too recent
to fully know their effect.

The concept of price elasticity is used to measure the respon-
siveness of consumption to a change in price; it is defined as the
% change in consumption divided by the / change in price.

Thus, a price elasticity of -~1l.5 would indicate that consumption
of a commodity would decrease 157 in response to a 107 increase
in price. In general, elasticity does not have a time component;
the response is considered to be immediate. But with respect to
energy consumption, there is a long time interval required for
changes in utilization patterns to take effect. We are stuck

for the time being with our underinsulated homes, over weight
cars, and inefficient machinery, but as these items are gradually
replaced, the effect on consumption becomes apparent. Thus any
response is considered to be long-run: 10 years or so.

Factors which affect the elasticity of a commodity include
the availability of substitutes, the desirability or essentiality
of the commodity, and the portion of the consumer's income repre-

13

sented by purchases of the commodity. Each of these factors

suggests that the non-waste consumption of energy will not be very
responsive to price increases: There is no substitute for energy.
(Although the different energy forms are sometimes substitutable).
It is clearly essential in almost every aspect of our lives. And

its relative cost has been quite low = 3.6/ is the national average

of the cost of energy used in the home as a percentage of disposable
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income, although a few states in the colder climates are over

14

55 Montana is in this latter range.
llowever, the wasteful energy consumption previously alluded
to should be much more price-elastic.

Significant savings in private consumption of energy were ob-
served during the "energg crisis" period of 1973, and conservation
of specific fuels in a survey of business and industry ranged
from 5-20%,15without disruption of production, revenue, or employ-
ment ,

Areas where major savings are considered possible inclucde:
increased adoption of small cars with less power equipment, improve-
ments in the efficiency of industrial products and processes (the
mnore the price rises, the more means become economical for improving
efficiency), better insulation and more efficient heating and cooling
systems, and efforts at individual conservation. The combined
effect of these conservation efforts might reduce energy con-
sumption in the U.S. 20-307 by 1985 by one estimate (David Freeman,
director of the Energy Policy Project, Ford Foundation) but a
more realistic figure probably is 10-15J below what projections
of current growth would indicate. (Table 2)

It should be noted that there will be an increased demand for
energy for environmental protection. Fuel efficiency in cars is
expected to drop 10-20516 and the share of energy for the environ-
ment will rise from 2,0 to 4317 by 19853,

In summary, domestic cnergy demands, despite conservation
incentives, higher cnergy prices, technological changes, and uore
efficient industrial production will probably continue to grow

stcadily through the next decade, though at a reduced ratce, »ner-
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haps 3-3) ) per year, about 17 per year less than the average for
the previous decade. (Table 3)

With regard to price elasticity, it is important to realize
that there is a supply effect as well as a demand (consumption)
effect. Supply of a commodity is generally elastic (responsive
to price changes) if it can be produced in many different ways,
if technology is on the brink of introducing new means of pro-
duction, and if the system of distribution can be improved. 18
Energy meets all of these criteria, and has been highly price-
elastic for the last 200 years.19 The implications of this are
obvious: rapid increases in price may cause a substantial increase
in the supply of energy available in the next decade, and some
economists believe this effect may be even more pronounced than
the effect on consumption.zo If the supply of energy does increase
substantially, voluntary conservation will probably be forgotten,
Just as many people thought the energy problem was over when the
oil embargo ended. This parenthetical note is not intended to
negate the previous projection of a decreased growth rate, but

rather to reinforce the original point that no one really knows

what will happen in the next ten years.

IIT, With that in mind, we can move to the energy consumption picture

for Montana. Unfortunately, the only firm forecasts available at
this time are from the Northern Great Plains Region Energy Forecast
through the year 2000, which projects extensive development of coal
gasification in Montana by 1985, with a consequent 1985 energy
consunption of more than 2} times the 1971 consumption (Table 6),

a rate of increase far higher than even the highest historical

rates for the state or the nation,



Since there is considerable doubt about the likelihood of
gasification on this scale in Montana, it would seem more useful
to examine the average annual growth rate of energy consumption
in Montana for the past decade (which was 3.27) (Table 7) and
try to identify those factors which would tend to speed up the
consumption growth rate, and those which would tend to slow it
down.

To emphasize an earlier point, projections of energy consump-
tion in the state must be made within the framework of econonic
projections for Montana, which, of course, are ultimately dependent
on the national outlook. Viewed in the light of our current national
economic situation, the GNP for the next decade seems likely to
grow more slowly than it did in the past decade; and this slow=-
down could be expected to affect Montana's rate of economnic
growth., Likewise, the probabls decline in the growth rate of na-
tional energy consumption suggests that Montana's annual growth of
energy consumption may fall below the previous decade's rate of
3.2% per year, since many of the factors which influence the
national outlook are operative here, plus some additional factors:
-Utility rate structures may be redesigned to encourage conservation
rather than consumption,

-We are nearing the end of new hydroelectric power sources, thus
the end of plentiful and inexpensive electricity,

-Prices of all energy products will probably be rising faster than
incomes, exerting downward pressure on consumption,

-Attitudes of the public seem less supportive of unquestioncd eco-
noiiic and population growth,

-High rates of growth of energy consumption by c¢necrpgy-intensive
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industries may slow down in response to higher energy costs and intro-
duction of new technologies such as ALCOA's new aluminum process
(which is expected to increase efficiency by 303)21 plus the

fact that the period of these industries moving into cheap power
areas may end with the end of cheap power.

-The marked increase in energy use by agriculture will probably

slow, since most mechanization has already been adopted, and fur-
ther increases per unit of output are not expected.22

Individual conservation efforts may or may not have a signi-
ficant impact in Montana, depending largely on individual attitudes.
For example, if the State Legislature'!s proposed $1.00 fine for
exceeding the 55 mph speed limit (later changed to $5.00) reflects
most individual attitudes toward energy conservation, then con-
servation efforts may have little effect. One person is not likely
to drive 355 to save gasoline so that another can drive 75.

In a larger sense, there is nothing dinevitable about the growth
of individual consumption; it is partly a matter of individual
choice, based on decisions about the desired quality of the environ-
ment and the desired standard of living. It is unlikely that Mon-
tana residents will voluntarily alter their modes and standards
of living in any radical way, but collectively they have the
potential to achieve large savings in energy if they choose to do
so. It remains to be seen whether they will.

ot all factors in the state point to decreased growth in energy
consumption. As previously mentioned, environmental protection
measures will tend to increase consumption. The stringency of
requiremnents, the degree of enforcement, and the level of volun-
tary conpliance to the regulations will determine the additional

energy consumed.
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The Montana Power Company anticipates the possible addition of
such loads as 20-25 MW at Hoerner-Waldrof in 1977, 18 MwWw at U.S.
Plywood in 1975, 25 MW at Ferrio-Chrome, 20 MW at Anaconda's Arbiter
Copper Reduction plant, and perhaps 15 MW for metal recycling at
Conrad. They also expect the requirement for power for agricul-
tural irrigation to increase.23

Large increases in energy consumption by the electric utilities
will occur if the planned growth of thermal generation facilities
proceeds, since the BTU content of fuels consumed by these plants
is considerably greater than the BTU content of the electricity
generated.

The proposed construction of the generation plants at Colstrip
is, of course, one of the hottest controversies in Montana., The
utilities claim that Montana will experience power shortages in
this decade without the Colstrip facilities, based on extrapolations
of historical growth in Montana which indicate power consumption
will grow at about 5-67 per year. Of course, they would justifiably
rather be too high with their estimates than too low, since it
would be preferable to cut back on generation if consumption lagged
below predictions than to be caught without adequate capacity if
consumption outran predictions.

llowever, electricity consumption is subject to the same con-
straints that have been mentioned before: higher prices, uncertain
economic growth, conservation efforts, possible rate restructure,
and changing public attitudes about growth. Thus it is quite
possible that extrapolations of historical growth rates may prove

too high. For example, the nation's use of elcctricity durins
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this previous November, December and January ran 10 below expecta-
tions.25 Bonneville Power Administration announced that since the
regionwide energy conservation program began in August 1973, actual
loads underran estimates by an average of 6.75% from September
thru Decenmber of 1973. And the Montana Power Company's figurecs
for the past 12-month period show a growth rate of 3.23,26 well
under the 5-6% predictions.

These figures should be viewed with some caution, however.,
They represent much too short a time period to represent a sig=
nificant trend for the future; a 12-month growth rate of 3.2
does not mean that the next decade will necessarily show that rate
of growth. The eventual figure is more likely to be somewhere
between that low figure and the previous expectation of 5-67/.
Moreover, there are several factors which favor the long-term
outlook for electricity consumption:

The uncertain supply status of natural gas and petroleum, and
the likelihood that their prices will increase more rapidly than

27

the price of electricity, will tend to increase the consumption

of electricity relative to the other two. Electrical efficiency

has substantial potential for improvement, both in conversion

and utilization.28 Electricity is the best form of energy in terms
of versatility and convenience at the point of use, and it can

be made from many primary fuels, minimizing the problem of depleting
resources. It is also favored for the long-term because the futurec
basic sources of energy - fission reactors, fusion, solar - will

produce electricity. Increased penetration (share of the market)

by electricity seems likely; by 19835 it is expected that 157 more
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energy consumption will be electrical29 close to one-half the
total energy consumption. Thus to say that the utility company
forecasts may be too high is not to say that additional generating
facilities will not be needed, but that they may not be needed as
soon as the utilities have estimated. There is little doubt, how-
ever, that electricity consumption will continue to grow substan-
tially in the state and the region through the next decade.

With regard to Colstrip, and the export of Colstrip's elec-
tricity to other states, arguments have been made that Montana should
look out for its own interests, and let other states take carc of
themselves, This ignores the interconnected network of electricity
generation and transmission facilities which already comprise the
western region's electric system, permitting greater efficiency
and conservation by allowing the sharing of power during peak load
periods. These arguments also ignore the fact that the states can
no more be independent with respect to electricity than they can
be in any other phase of commerce. It seems somewhat myopic to
arbitrarily claim independence of other states on this one issue
when in fact the economies of the state, region and nation are based
on the continuous exchange of goods and services. At a time when
both the energy and the economic situation are somewhat precarious

in this nation, wec need more interstate cooperation, not less.



VALUE-WEIGITED INDEX OF ENERGY PRICES,

TABLE 1

1950-JUNE 1970

(1960=100)
Year Index
1950 107,2
1955 103.9
1960 100,0
1965 93.5
1970 85ed

AVERAGE ANNUAL RATE OF CHANGE OF ENERGY
PRICES, 1950-JUNE 1970

Period Rate of Change
1950-55 ~-.62
1955-60 -.75
1960-65 -1.31
1965-70 -1.73
Source: An Energy Policy Primer
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TABLE 2

ESTIMATED 1985 U.S. ENERGY DEMAND REDUCTION
(See Table 3 for comparison with total corsunption)

Category MBPD
By Conservation
Industrial conservation measures 1.5
Transportation
Lower speeds, car pooling 1.0
Airpland load factors 0.3
Space heating efficiency 1.0

By Use of Energy-Saving Equipment

Smaller, nore efficient cars 2.0
Other transportation savings 1.1
Better building insulation standards 1.1
Residential and commercial equipment 0.4
Industrial process efficiency 1.0
Total conservation potentials 0,4

Less 15 percent for partial overlap 0e0

To achieve the above, the physical recuirements would be the
following:

-Convert the autoniobile population from its present 30:70
ratio of small to large cars to at least an average of 50:50 by
1985. This will require the production of 735 million lightweight
automobiles in the next 10 yecars.

-Expand mass transportation facilities in large citics.

-Ensure that construction of 20 million required housing units
have substantially improved insulation.

-Make industrial processes 10 percent less energy-intensive,
on the average.,.

-Do without energy through economy measures and more efficient
energy space heating like heat punps.

Beyond this is the reduced dependence on o0il through greater
use of coal and nuclear fuel sources. In 10 years the pressure on
petrolcum fuel can bc reduced substantially, provided barriers to
direct use of coal and nuclear fuel for electricity are removed.

POSSIBLE GOVERNMENT ACTIONS

Many of the results above can be achieved through the normal
working of the Nation's economic system. Ilowever, covernment can
play an important contributing réle through the following actions;
indced, government lcadership may be the key to ecffective conser-
vation achievements,

Source: U.S. Energy Prospects
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TABLE 3

The approximate 1973 consumption of energy, according to the
major areas of use, was:

ESTIMATED 1973 U.S. ENERGY-USE PATTERNZ

Percentage of

National Equivalent
Use Area Use MBPD
Transportation 25 8e82
Space heating 18 6.39
Process steam 16 5.75
Direct heat 11 3.87
Electric drive 8 2473
Lighting 5 1.97
Water heating 4 1.44
Feedstocks 4 1.29
Air conditioning 3 1.09
Refrigeration 2 0.69
Cooking 1 0.35
Electrolytic processes 1 0.45
Other 2 0.84
Total 100 35.68

aDeve%oped by extrapolating 1960-1968 relative trend data by use
area ,and applying to total estimated energy consumption in
1973. The difference between this energy consumption and the
energy demand in Chapter 2 (37.2 MBPD) is accounted for by ex-
ports and changes in stocks.

Transportation uses more energy than any other single area.
It is uniquely dependent on oil as the only fuel system presently
suited to the mobility of the U.S. life style. It is the area
for the greatest efficiency imporvement, as will be reviewed in
the next section.

Other major opportunities for reducing waste and improving
energy efficiency lie in energy supply for the following:

1973 Estimated Percent of
Total Energy Use

Space heating 18
Process steam 16
Direct heat 11
Water heating 4
Lighting )
Total Opportunity 54

Source: U.S. Energy Prospects
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IX. MAJOR STATE AND NATIONAL ENERGY REGULATION
Outline and Functional Key

20U

(Read across the energy flow process and down to the source of energy to discover
to governmental units (state and federal) charged with regulating the situation.
The Roman numerals, letters and Arabic figures refer to the descriptive outline of

regulatory policies that follows this key.

Thus:

Coal extraction is supervised

by the state Lands Department under procedures described in Parts Al and Bl-3 of the
state outline, which happens to begin on the next page.)

Coal

Electricity

Exploration
and
Extraction

State:
Surface Mining,
DSL: Al, Bl-3
Federal:
I, A,B

State:

Petroleum
and
Natural Gas

Hydropower

leasing sites

DSL: A5
Federal:

VI

State:
DNR: Cl
Federal:

Uranium
and
Nuclear

Geothermal

III, A,B

State:
Surface mining,
DSL: Al, Bl-2;

All types, DHES:

Al; Solution

mining, DHES: A2

Federal:
Iv, A,B

State:

DSL:

DNR: Al

Department of State Lands

Transportation

State:
Unit Trains,
PSC:2;
Slurry Pipe,
DNR: B2;
Transportation
of secondary
coal products,
Bl

Federal:
I, C

State:
Transmission
lines, DNR: Al

Federal:

I1, A

State:
PSC: Al

Federal:
I11, C

State:
DHES: Al

Federal:
v, C

State:
Power lines,
DNR: B2

DNR: Department of Natural Resources
DHES: Department of Health and Environmental Sciences

PSC:

Public Service Commission

Processing
or
Conversion

State:

Electrical gen-

erating plants,

gasification,

liquidfaction,

DNR: A,1
Federal:

I, D

State:
Electrical gen-
erating plants,
DNR: Al

State:
Air and water
pollution from
refinery, DHES:
Bl-2

Federal:
11T, D

State:

Enrichment plant,
DNR: Al; Milling
control of tail-

ings, DHES: Al
Federal:
I, C

State:
DNR: Al

Federal:
vV, A

Consumption

State:
Electrical
rate, PSC:B

Federal:

II, B

State:
Petroleum
Transportation
rates, PSC: Bl

State:
Electrical
energy rates,
PSC: Bl
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Stote and Federal Energy Regulation

State (by agency)

A,

Nenartment of State Lands (DSL)

lecasing: The Board of Land Commissioners may lease state

(&=

lands which includes land under navigable lakes and

streams and lands which have been sold but the state

reserved mineral rights for (excent where the U.S. has

reserved mineral rights).

1.

coal: (81-501-510); may lease state lands for mining

and selling of coal., It may lease lands for coal
which have been sold but where tlhie state rescrved
mineral rights. The statute contains a provision
which requires that coal be developed to prevent
waste and to prevent future mining operations
from being "more difficult or expensive." There
is not specific reference in the statutes to

minimization of damage to environment.

uraniun: (81-601-620); uranium is included in the

leasing provisions for metaliferrous minerals.,
The state may lease land for this purpose or it
may grant prospecting permits without a lease.
Royalties received from these mining lcascs are
not less than 555 of the full markect value or of
tlie returns from the metals removed or rescrved

nineral rights covered by lease. State land can
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State (cont.)
Department of State Lands (cont.)
be leased for multiple uses, ie., uranium and
coal,

3. o0il and gas: (81-1701-1731): o0il and gas may be
leased on such lands where agriculture and grazing
leases also exist, but must be protected from
destruction or harm by the oil and gas lessec.

In every oil and gas lease, the state reserves

the right to sell, lease or otherwise disnose of
the surface of the lands, subject to the rights

of the o0il and gas lessee. All o0il and gas lcases
arc subject to certain conditions of proper man-
agement of the recsourcc.

4. geothermal: (31-2001); The 1974 legislature enpowered
the Board of Land Commissioners to lecasc state
lands for the prospecting, cxploration, well con-
struction, and the production of geothermal resources.
All leases are for a primary term of ten ycars
and for so long thereafter as geothermal resources
in caying quantities are produced as long as tlhe
teruis of the lease are net.

5. Hhydropower sites: (81-1801); Leases an¢ licenscs
of fifty-year tecr:s for the development of hyidro-
power nay be issucd by the Board. 1t i3 not »or-
missable for the isoard to advertise for sale or
scll state lands constitutines ower sites or

sarts of power sites. Tihe Loard may 2lse cooner- ~



State (cont,)

Qepartument of State Lands (cont.)

De

ate with the TFederal government in Jjoint develon-
ment of a site,

cxploration and extraction: coal and uraniurn, surface

mining.,

l. Strip lline Siting Act: (50-1601); resulates coal
and uranium surface mining, requires an appli-
cation for a mine site before any preparatory
worl: is done. Application riay be refused on the
grounds that the nine site is not consistent with
the Nleclamation Act,

« Stri: lLine lleclamation Act: (SO-lUSQ); regulates
coxl and uraniuwm surface nining, and arospecting,
An 2pplication and bond is required for both
stri; mine and prospecting permits. fhe appli-
cation must contain a detailed reclamation, re-
vegetation and rehabilitation plan for the land
and water to be affected. The application must
be accompanied by a $50 fee and a bond of not
less than $200 an acre or more than $2,500 an

acre as determined by the board. The boncd can-

205

not be replaced sooner than five years after mining

Lias stonrned, 1In applying for a Lrossecting

nernit, the applicant must subnit a srospecting
— .
map and reclamation plan primarily the sane as

those for strips wmining. 3oth sermits are good




State (cont.) 204
Department of State Lands (cont.)

for one year and may be renewed, suspended, or

revoked by the board for noncompjliance.

The department cannot approve an aoplication
if the information and inspections indicote the

act's purposes will not be fulfilled. Also, tie

apnlication can be denied if the affected aren
lizs special, critical, or unique characteristics.
Phese include areas of biological procuctivity,
the loss of which jeapordizes certain siecies
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